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CHAPTER  I. 

-POTENTIAL— CONDUCTORS — INSULATORS, 

\\'hen  a  Stick  of  sealing-wax  is  rubbed  with  a  piece  of  dry  fui  or 
flannel,  the  wax  acquires  the  power  of  allracting  to  itself  any  light 
substances  that  may  be  in  its  vicinity.  By  taking  suitable  precau- 
tions a  like  power  can  be  delected  in  the  fur  or  flannel.  Similar 
phenomena  can  also  be  produced  by  the  rubbing  together  of 
other  substances,  such  as  glass  and  silk,  india-rubber  and  silk, 
brown  paper  and  a  bristle  clothes-brush,  S:c.  A  body  which 
exhibits  this  power  of  attraction  is  said  to  be  endowed  or  charged 
with  electricity,  or  to  be  electrified. 

But  there  are  two  electrical  slates,  and  thiscan  be  easily  proved, 
for  if  by  means  of  a  foot  or  so  of  silk  ribbon  we  suspend  the  elec- 
trified sealing-wax  and  bring  near  it  another  electrified  stick  of  seal- 
ing-ivax,  repulsion  ensues,  that  is  to  say,  the  suspended  rod  recedes 
from  the  approaching  one.  On  the  other  hand,  if  certain  nece«- 
sarj'  precautions  have  been  taken  to  prevent  the  neutralisation  or 
escape  of  the  electricity  that  was  generated  on  the  fur  or  flannel 
rubber,  it  will  be  seen,  on  bringing  it  near  the  suspended  sealing- 
wax,  that  attraction  takes  place.  A  similar  result  would  follow  if 
a  warm  glass  rod  were  rubbed  with  a  piece  of  dry  silk  and  then 
brought  near  the  sealing-wax.  On  suspending,  however,  the 
declrified  glass  and  bringing  the  electrified  fur  near  it,  repulsion 

Sid  take  place.     It  is  manifest,  then,  thai  as  electrified  glass 
lets  electrified  sealing-wax,  but  is  repelled  by  or  repels  electri- 
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bbe  amount  of  electricUy  developed  by  rubbin 
the  sealing-wax  and  the  fur— tog<.'ther  bea 
to  tbe  amount  of  actual  friction  to  which  the  1> 
ibr  what  is  really  essential  in  order  to  obtain  t 
degree  of  electrification  is  to  bring  every  portio 
kilo  intimate  contact  with  every  superficial  p 
and  when  that  is  done,  no  extra  amount  of  n 
any  furibet  degree  of  electrification. 

Speaking  generally,  then,  it  may  be  said  t 
bodies  are  nthbed  together  electricity  is  pro 
frequently  happens  that  the  amount  is  so  sm 
detection  very  difficult  If,  however,  delicate  aj 
will  net  pause  here  to  describe,  is  employed,  ^ 
can  be  indicated.  In  fact,  if  a  piece  of  zii 
copper  are  simply  placed  in  contact  the  feeb 
tricity  then  developed  can  easily  be  render© 
same  pieces  of  metal  are  placed  in  saline  or  t 
similar  result  follows,  altliougli  in  this  case  the  W 
an  important  factor  in  determining  the  result 
The  end  of  the  zinc  outside  the  liquid  will  bi 
properties  similar  to  those  of  the  sealing-wax 
rubbed  with  fur.  It  is,  therefore,  said  to  be  ne 
The  copper,  on  the  other  hand,  will  have  an  ela 
to  that  of  the  fur  itself,  or  of  tlie  glass  which 
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thisB  c:r^  u«t  -rrt:^--^— .:  _->_: -rl  -  ■-  -r.-. 
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tiutitis  a  nutter  c!i':.:..".-ti  ^i:i>=  ■■1.—    --.    ; 
separately,  and  we  Live  iz-r.^:  itr.-.y  t-li;  i:--.; 
fhai  is  known  as.  a  c  :•:.::.":- y«j  •  nr-tni    :r  -  r  - • 

A  little  reflection  will  r-ix=  i:  t*^  iitr- -_l^: 
the  line  of  experiment  and  if  iu:t.:cLr  i-irt  _-ji.: 
single  and  double  fluid  ihe.-rles  :f  e  rm-r-r  i.-^ 
not  simply  for  the  sake  of  disre^-i.-l.Tj  :-..7-.-_ 
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4  Electrical  Engineering  our.  1 

are  unnccessaiy  and  involve  considerations  and  concessions 
which  are  not  warranted  liy  the  circumstances.  In  point  of  fact, 
electricity  is  not  a  fluid  at  all,  and  only  in  a  few  of  its  attributes  \\ 
it  at  all  compamble  to  a  fluid. 

I-et  us  rather  consider  electricity  to  be  a  condition  into  which 
material  substances  arc  thrown,  and  that  all  such  substances 
partake  more  or  less  of  this  condition,  just  as  we  say  that  all  liodies 
are  heated,  although  to  varying  degrees,  and  ihat  in  virtue  of  this 
heat  their  panicles  are  set  into  more  or  less  rapid  vibration. 

Moreover,  as  in  ihe  case  of  a  heated  body,  there  is  a  region 
surrounding  an  electrified  body  in  which  the  force  due  to  the 
tendency  to  produce  electrical  equilibrium  can  Ije  made  evident. 
This  is  shown  by  the  fact  already  referred  to  that  two  bodies  in  a 
similar  electrical  state  repel  one  another,  while  others  in  different 
electrical  states  attract.  It  is  inconceivable  that  such  an  effect  as 
the  imparting  of  motion  to  a  mass  of  mailer  could  be  produceJ 
without  the  aid  of  some  medium  capable  of  transmitting  the 
force.  What  this  medium  actually  is  is  a  matter  of  doubt,  and 
we  cannot  experimentally  determine  the  question.  So  also  is  tiu: 
mode  or  method  of  transmission.  Under  such  circumstances  n 
becomes  convenient  to  picture  to  ourselves  the  propagation  l>v 
means  of  lines  of  fnrce,  travelling  through  an  infmitely  elaslic 
imponderable  medium,  or  substance,  as  it  is  sometimes  calleiJ, 
which  is  assumed  to  pervade  all  matter  and  all  space,  and  which 
is  known  as  '  ether.'  Granted  that  these  lines  of  force  may  havi- 
no  actual  existence,  the  conception  is,  nevertheless,  exceedingly 
useful,  and  facilitates  an  accurate  estimation  of  the  way  in  which 
electrical  phenomena  are  set  up,  so  much  so,  that  the  idea  im- 
perceptibly grows  upon  the  student,  and  to  him  the  lines  of  forci: 
become  endowed  with  a  definite  meaning. 

There  are  three  features  about  these  lines  of  force  to  which 
we  may  now  draw  attention.  In  the  first  place,  their  assumc<i 
position  indicates  the  path  along  which  the  action  takes  place; 
secondly,  their  direction  indicates  the  direction  in  which  the  force 
is  transmitted  ;  and,  thirdly,  their  density,  or  the  number  occupying 
a  given  space,  measures  the  strength  or  magnitude  of  the  force. 
Having  given  to  these  lines  of  force  position,  direction,  and 
density,  we  ran  predict  the  result  which  should  follow  in  any 


^Brcn  electrical  licld.  For  (he  action  is  always  as  if  the  lines  of 
^■rcc  endeavour  [g  coincide  io  direction,  and  ilicii  to  shorten 
^■eniSL-lves,  the  mngnitude  of  the  itction  being  simply  dependent 
^Kon  the  density  of  the  lines. 

^K  In  ihti  cose  of  an  clcctriticd  sphere  suspended  somewhere 
Hk  space  and  remote  from  every  disturbing  clement,  the  lines  of. 
^Brce  would  be  radial  and  equidistant  in  position,  their  density 
^Reuld  depend  upon  the  degree  of  the  electrification  or  the  quantity 
^M"  the  charge,  while  their  direction,  thai  is,  radially  inwards  or 
r  radially  outwards,  would  depend  uixjn  whether  the  charge  were 
negative  or  positive. 

Let  us  assume  a  positively  charged  sphere  to  be  suspended, 
witb  its  lines  of  forec  directed  outwards,  and  a  second  sphere, 
negatively  charged,  with  its  inwardly  directed  lines  of  force,  to  be 
brought  into  ihe  vicinity  of  the  first  sphere ;  it  will  be  evident  that 
many  of  the  lines  of  force  of  llie  two  spheres  will  bend  or  turn 
iuund  and  concentrate  themselves  within  the  space  intervening 
between  the  spheres.  The  lines  of  force  will  now  be  similar  in 
direction,  and,  owing  to  the  shortening  tendency  above  referred 
to,  attraction  results. 

The  attraction,  presuming  it  to  be  sutncieiuly  strong, 
impart  motion  to  one  or  hoih  of  the  spheres,  or,  in  other  words, 
work  will  be  performed.  Now  this  c;ipacity  for  doing  work  arises 
solely  from  the  electrification,  and  the  quantity  of  work  performed 
is  prD[)ortional  to  the  degree  of  electrification.  But  '  capacity  for 
doing  work  '  and  '  potential '  are  convertible  lercns — that  is  to  say, 
.inylhing  which  possesses  tlie  capacity  for  doing  work  is  said 
liave  a  certain  potential,  consequently  the  degree  of  electrification 
of  any  body  is  known  as  its  potential.  We  have  previously  said 
that  the  tendency  to  produce,  between  two  electrified  points  or 
bodies,  a  state  of  electrical  equiiibrium,  is  proportional  to  Uie 
dilfereiice  of  their  degrees  of  electrification.  In  technical  Ian- 
gu.tge  this  means  proportional  to  tiieir  difierence  of  electrical 
ixiientials.  Therefore,  in  the  case  of  the  zinc  and  copper  pi: 
iiuraersed  in  acidulated  water,  tlie  flow  of  electricity  from  the 
exposed  end  of  the  copper  to  the  exposed  end  of  the  linc  is 
correctly  described  as  being  due  to  a  difference  of  potential 
^tween  ttiose  ends.. 
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If  the  student  has  grasped  what  has  already  been  said,  he  viU 
be  able  to  readily  apply  the  doctrine  of  potential  to  special  cases; 
for  example,  it  will  be  evident  that  no  two  parts  of  the  same  body 
(providing  it  is  one  that  can  transmit  or  propagate  the  flow  of 
electricity)  can  remain  for  any  length  of  time  at  diRerent  poiea- 
tials,  for  the  moment  a  difference  of  potential  is  established  aa 
electrical  stress  is  set  up,  and  the  flow  of  electricity  follows  as  a 
necessary  or  natural  consequence.  On  the  other  hand,  where 
there  is  no  difference  of  potential  there  can  be  no  flow  of  dec- 
tricily.  So  that  we  come  to  these  conclusions^ viz.  that  electricity 
always  flows  between  two  bodies  which  are  at  different  poteo- 
tials;  that  it  flows  from  the  body  possessing  the  higher  to  thiit 
possessing  the  lower  potential ;  that  in  the  case  of  the  'cunent' 
maintained  by  the  'simple  cell,'  composed  of  zinc  and  copper 
plates  dipping  into  acidulated  water  and  described  in  a  previous 
page,  we  had  a  difTerence  of  potential  established  on  the  zinc  and 
copper  extremities ;  that  on  joining  these  extremities  together  there 
was  a  flow  of  electricity  to  produce  equilibrium ;  that  this,  by 
means  of  the  chemical  changes,  re-established  a  potential  differ- 
ence ;  and  that  these  actions  and  reactions,  being  alternated  with 
infinite  rapidity,  appear  to  us  as  a  continuous  current 

We  may,  therefore,  define  a  'current'  as  the  expression  of  an 
effort  ever  being  made  to  establish  electrical  equilibrium  between 
two  points  which  are  ever  being  electrified  to  different  potentials. 
Neither  of  these  objects  is  attained—  that  is  to  say,  a  difference  of 
potential  is  never  permanently  established  on  the  one  hand,  and, 
on  the  other,  equilibrium  it  is  impossible  to  maintain. 

I^t  us  further  consider  the  case  of  the  simple  cell,  the  zinc 
and  copper  of  which,  however,  instead  of  being  joined  together, 
are  each  connected  to  long  pieces  of  wire,  whose  other  or  free 
extremities  are  inserted  in  the  earth  at  different  places.  It  used 
to  be  the  general  assumption  that  in  this  case  the  current  would 
flow  from  the  copper  plate  to  the  earth,  and  through  the  earth  to 
the  other  wire,  up  which  it  would  pass  and  so  return  by  the  zinc 
to  the  battery.  But  anything  more  unreasonable  than  such  an 
hypothesis  it  is  really  impossible  to  conceive.  To  demonstrate 
this  we  need  only  take  into  consideration  the  state  of  affairs  at 
the  Central  Telegraph  Office  in  London,  where  there  are  i.ooo 
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jSerent  circuits  or  lines,  one  end  of  each  baltcry  being  joined  lo 

C  same  earth  plate  under  the  office,  the  other  ends  being  joined 

I  the  respective  lines,  which  in  their  turn  are  Joined  to  earth 

ptes  at  the  distant  ends.     Viewed  in  ila  real  as|>ect,  this  'earth- 

'  theory  compels  the  assumption  that  the  i,ooo  currents 

go  to  earth  at  as  many  different  places— some  at  Newcastle, 

me  at  Liverpool,  others  at  Cardiff,  Yarmouth,  &c.,  others,  again, 

L  few  hundred  yards  away  in  several  of  the  City  thorough- 

;iurn  through  the  earth  to  the  earth  plate  or  connection 

ider  the  Central  Office,  where  each  individual  current  has  to 

s  the  other  999  currents  travelling  through  the  plate,  and  single 

t  the  particular  wire  joined  to  the  particular  lottery  from  the 

ler  end  of  which  it  emanated,  and  is  not  satisfied  or  has  not 

Diplelcd  its  work  until  it  thus  gets  safely  home  again.     It  will 

idily  be  seen  that,  if  such  were  actually  the  slate  of  affairs,  the 

i  above  stated,  that  electricity  only  flows  under  a  difference  of 

lltcntial  and  always  flows  when  there  is  that  difference,  would  be 

Ulliflcd. 

Like  everything  else  in  the  tmiverse,  the  earth  itself  is  always 
r  less  electrified,  and,  as  a  consequence,  it  is  always  at  a 
certain  potential.  It  will  therefore  be  seen  that,  were  a  body 
which  had  been  electrified  to  a  higher  potential  than  the  earth  to 
be  connected  with  the  earth,  a  flow  of  electricity  would  take  place 
passing  from  that  Ijody  to  the  earth,  so  that  both  the  body  and 
earth  assume  the  same  potential,  and  it  may  be  mentioned  that 
the  passage  of  this  flow  could  be  easily  observed  by  the  introduc- 
tion of  certain  apparatus.  On  the  other  hand,  were  a  body  to  be 
electrified  to  a  potential  lower  than  that  of  the  earth  and  to  be 
connected  with  it,  a  fiow  of  electricity  would  be  determined 
between  the  earth  and  the  body,  and  the  passage  of  this  electricity 
could  also  be  rendered  evident.  Consequently,  when  copper  and 
zinc  stnt>s  are  immersed  in  acidulated  water  and  the  exposed 
ends  become  electrified,  the  one  to  a  higher  and  the  other  to  a 
lower  potential  than  the  earth,  the  connection  of  those  extremities 
with  the  earth  causes  a  flow  of  electricity  from  the  plate  of  higher 
potential  to  the  earth,  and  from  the  earth  to  the  plate  of  lower 

Eential.    These  flows  will  be  equivalent  to  joining  the  plates 
Ktly  together  and  so  releasing  the  electrical  stress. 
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Thus  is  it  with  cvory  battery  ;  [lie  polirntiai  of  the  earth  &■ 
above  that  of  one  end  of  the  battery  and  below  that  of  the  OthtX- 
end.  There  is  then  no  need  for  a  current  to  flow  between  thftj 
two  earth -connect  ions,  and  the  assumption  of  such  a  state  o^ 
affairs  is  quite  gratuitous.  It  must  not,  however,  be  supposed] 
that  the  flow  of  electricity  from  or  to  the  earth  can  sensibly  affec^ 
its  charge  or  potential,  the  terrestrial  cliarge  as  a  whole  being  sOj 
enormous  as  to  make  any  other  charge  or  potential  incompaiaU]', 
feeble  and  insignificant.  To  make  this  clearer  we  will  employ  a](f 
analogy.  Let  us  suppose  that  we  have  two  tanks  containing 
water,  the  bottom  of  one  being  placed  ten  feet  above  the  level  of 
the  ocean,  and  the  other,  which  we  will  supjxise  to  be  very  de^ 
immersed  until  the  surface  of  the  contained  water  is  ten  feel  bel( 
the  ocean  level.  If  now  we  suppose  holes  to  be  made  in  ti 
bottoms  of  the  tanks,  all  the  water  will  flow  out  of  the  high 
tajik  into  the  sea  below,  while  water  will  flow  up  into  tlie  low 
one  until  the  ocean  level  is  reached.  But  of  course  no  o 
would  contend  that  these  changes  would  make  any  difl'erence 
the  level  of  the  surrounding  waters,  even  if  more  water  wi 
received  from  the  higher  lank  than  was  given  to  the  lower,  a 
what  is  true  in  this  case  is  equally  true  in  the  case  of  electrici 
III  fact,  the  earth  is  a  body  whose  capacity  for  electricity,  so . 
as  we  are  concerned,  is  infinite,  and  nothing  that  wo  con  do  c 
alter  its  charge.  The  man  who  woidd  assert  that  when  he  joins 
one  end  of  his  battery  to  earth,  say,  at  London,  and  the  other, 
end  to  earth,  say,  at  Aberdeen,  and  that  in  consequence  a  current, 
flows  through  the  earth  from  one  connection  to  the  other,  assert)), 
in  fact,  although  he  may  not  know  the  significance  of  his  conteit- 
tion,  that  he  places  these  two  points  in  Ixindon  and  Aberdeen 
at  different  electrical  potentials.  He  might  as  reasonably  ccHh 
tend  that  if  he  turns  on  his  water-tap  into  the  Thames  at  London 
and  digs  a  hole  in  the  bank  of  the  river  at  Windsor,  he  sets  upi 
difference  of  level  between  the  two  places,  and  causes  the  watd 
which  he  pours  in  at  London  to  travel  up  against  the  stream  aql 
fall  out  at  Windsor. 

We  come  now  to  a  real   difficulty— a  solution  of  which  ) 

improbable,  although  it  is,  perhaps,  in  the  future  nut  imixissible— 

id  that  is,  lu  be  able  to  say  with  certainty  in  which  diiectioi|i 


currcut  really  travels,  or,  in  other  wordsj  to  declare  which  of  two 
differently  electrified  bodies  has  the  higher,  and  which  the  lower 
potential-  All  we  can  say  with  any  certainty  is  that  Uiere  is  a 
difference  of  potenlial,  and  that  therefore  the  current  flows  from 
the  point  of  higher  to  that  of  lower  potential.  It  is  usual  to 
assume,  in  the  present  incomplete  and  imperfect  state  of  our 
knowledge  concerning  the  nature  and  propagation  of  electricity, 
that  the  electric  state  which  we  know  as  jKisitive  has  a  higher  poten- 
tial than  that  state  which  we  know  as  negative,  whence  we  say,  or 
.issume,  that  electricity  flows  from  a  positively  electrified  to  a 
negatively  electrified  body.  And  wc  will  in  this  work  follow  this 
assumption,  true  or  otherwise,  as  it  involves  no  sacrifice  of  prin- 
ciples, notwithstanding  the  fact  that  experiments  have  been  per- 
formed which  tend  to  show  that  that  state  which  we  call  negative 
is  really  of  higher  potential  than  that  which  we  call  positive. 

Reference  has  b^veral  times  been  made  to  the  use  of  wire  as  a 
means  of  connection  between  two  oppositely  electrified  bodies,  or 
between  two  bodies  at  different  potentials,  Were  we  desirous  o£ 
ir.insraiiting  mechanical  instead  of  electrical  cnei^y,  a  hempen  ot 
silken  cord  would  answer  equally  well,  if  due  provision  had  been 
made  that  the  cord  should  have  the  requisite  mechanical  strength 
or  tenacity  to  transmit  the  energy  without  fracture.  But  tenacity 
is  not  the  necessary  attribute  for  a  body  to  possess  in  order  tliat 
electricity  may  be  readily  propagated  through  it.  All  substances 
admit  of  this  transmission,  although  to  very  varying  degrees.  A 
piece  of  cojiper  wire  offers  greater  facilities  than  a  piece  of  iron 
wire  of  similar  dimensions,  which  in  turn  offers  greater  facilities 
than  a  similar  piece  of  German-silver  wire.  But  the  metals  one 
:md  all  are  enormously  superior  in  this  respect  to  the  great  bulk 
III"  non-metallic  substances.  On  the  other  hand,  every  substance, 
iihatever  its  nature,  offers  a  greater  or  less  amount  of  resistance 
lo  the  transmission  of  electricity.  Bodies  which  offer  little  resist- 
ance to  the  electric  flow  are  said  to  be  good  conductors,  while 
those  which  offer  considerable  resistance  are  said  to  be  bad 
conductors  or  insulators.  To  the  former  class  belong  the  metals, 
,;rhon,  ordinary  water,  &c.,  the  latter  class  including  such  sub- 
'.inces  as  glass,  air,  sulphur,  resin,  india-rubber,  and  ebonite. 
BetWMB  IfaMB  two  dassea  are  many  substances  which  might  j 


obtained.  And  a  similar  lesult  follows  if  we  j 
together  by  a  piece  of  wire  ;  wliile  if  they  have  I 
other  bad-conducting  substance  separating  thei% 
flow  at  all,  or  only  a  very  feeble  one.  If  the  paf 
made  longer,  or  more  difficult,  say  by  the  interpos 
or  poorer  conductor,  it  naturally  follows  that  th 
Laten  for  equUibriuoi  to  be  restored  is  lengthened 
restoration,  that  is,  the  strength  of  the  current,  la  1 
potential  diflerence  and  the  quantity  of  elcctrid 
the  same  in  the  two  cases,  the  energy  expended 
restore  equilibrium  is  the  same. 

The  result,  then,  of  interposing  a  substanct 
ducting  power,  or,  what  amounts  to  the  same 
resistance,  between  two  bodies  having  a  potential 
reduce  the  strength  of  the  flow  or  current  passing 
the  other.  We  can  find  a  very  simple  analog 
suppose  two  tanks  of  water  at  different  heights  ot 
the  other.  So  long  as  the  bottom  of  the  higher 
resistance  to  the  flow  of  water  from  it  to  the  ot 
infinite,  but  if  we  interpose  a  relatively  bad  condi 
in  the  form  of  a  very  small  pipe  or  tube  between 
tanks,  there  will  be  a  correspondingly  weak  or  fet 
from  the  higher  to  the  lower  tank.  If  we  inc 
bore  of  the  pipe,  the  conducting  power  will  be  i 


tmost  infinitely  small,  or,  in  other  words,  by  %'arying  the  amount 
(  resistance  which  is  here  shown  to  be  the  converse  or  reciprocal 
i  conductivity,  we  can,  in  a  corresponding  value,  vary  the  strength 
f  the  current. 

To  summarise  our  observations  on  the  question  of  resistance, 
■e  may  say  that  if  we  electrify  two  bodies,  connected  only  by  (he 
ir,  to  difTerent  potentials,  -we  subject  the  intervening  air  to  a 
pecjes  of  stress.  If  we  very  considerably  increase  the  potential, 
le  air  being  no  longer  able  to  sustain  the  stress,  a  discharge  or 
n  electric  flow  ensues.  A  similar  result  can  be  achieved,  without 
jcreasing  the  potential  difference,  by  reducing  the  distance 
ctween  the  electrified  bodies,  or  by  bridging  over  the  air-space 
'ith  a  piece  of  wire  or  other  good  conductor.  In  cither  case  the 
bility  to  sustain  the  stress  is  reduced,  and  we  call  this  ability  to 
ustain  the  stress  resistance.  The  more  resistance  we  insert 
etween  the  electrified  points  or  bodies,  the  more  do  we  thereby 
;duce  or  prevent  the  flow  of  electricity. 
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CHAPTER   11. 


(MS   LAW— H"SDAMENTAL   UNITS. 

In  dealing,  in  the  previous  chapter,  with  the  general  attributes  of 
electricity,  the  only  degree  of  comparison  arrived  at  was  to  say 
that  one  electrification,  resistance,  or  current  was  greater  or  less 
than  another.  And  to  a  somewhat  considerable  extent  this  was, 
until  within  the  East  few  years,  deemed  sulHcient.  It  is,  however, 
now  essential  that  more  precision  in  comparing  or  iiieasuriog 
forces  and  their  properties  and  effects  should  be  obtained. 
Me^uremcnt  is,  in  fact,  the  most  important  branch  of  electrical 
science,  as,  indeed,  it  is  of  every  other  physical  science. 

Instead  of  simply  saying  that  one  lump  of  iron  is  heavier  or 
weightier  than  anolher,  it  is  usual  to  say  by  how  much  they  differ. 
Thus  one  lump  may  have  a  mass  of  ten  pounds,  and  another  a 
mass  of  twenty  pounds.  The  latter  is  therefore  ten  pounds  heavitr 
than  the  former.  We  have  here  introduced  a  uiiit  of  measutt:- 
ment,  s'\i.  the  pound,  or  unit  of  mass.  Similarly,  the  inch  or  foul 
may  be  used  as  a  unit  of  length,  the  second  as  a  unit  of  timci  tlie 
pint  as  a  unit  of  capacity,  the  sovereign  as  a  unit  of  coinage,  and 
so  on.  These  units  are  all  such  as  everybody  can  readily  appre- 
ciate. They  are  so  frequently  employed  that  no  mental  effort  is 
required  to  understand  what  is  meant  when  any  one  of  them  is 
mentioned. 

In  dealing  with  electricity  the  first  thing  we  wish  to  measure 
is  naturally  the  amount  of  the  electrical  difference  between  two 
bodies  which  causes  an  electrical  stress  and  which  may  result  in 
a  current  of  electricity.  But  we  are  confronted  with  two  difficul- 
ties. The  first  is  tliat  by  none  of  the  everyday  units— by  no  unit 
employed  for  any  other  purpose — arc  we  able  to  indicate  exactly 
the  electric  potential  in  a  body.  Moreover,  electricity  befng  but 
.A  condition  of  nutter,  and  not  luatler  itself,  it  is  iuipo&sibki  to 
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tneasu  I  d  tlj  Wc  cin  only  measure  it  by  its  cflect  upon 
mate  al  h  t  n  es  In  the  next  place,  inasmuch  as  it  is  impos- 
sil>le  to  ol  t  n  o  n  to  conceive  of  a  body  nltogcthcr  devoid  o ' 
cleclnf  al  on  (  Ithough  it  is  not  always  perceptible),  it  is  impos- 
sible to  fix  on  an  absolute  zero  potential,  and  measure  potentials 
from  that  point ;  in  just  the  same  way  that  it  is  impossible  to  have 
a  zero  level,  some  arbitrary  point  such  as  the  sca-Ievel  at  hiyh 
tide  having  to  be  employed  if  wc  wish  to  measure  the  relative 
height  of  iwo  or  more  points.  It  is,  conseiucntly,  necessary  to 
look  elsewhere  for  a  starting-point,  and  to  fix  on  a  convenient 
arbitrary  jKilenlial  zero.  We  take  as  a  zero  the  potential  of  the 
earth's  surface,  and  bodies  which  are  said  to  be  positively  electri- 
fied are  at  a  higher  potential  than  the  earth,  while  negatively 
electrified  lx»dies  are  at  a  lower  potential.  Positive  and  negative 
potentials  may  therefore  be  said  to  corrcsjtond  to  height  and 
depth  in  their  relation  to  the  sea-level.  Inasmuch,  however, : 
we  are  unable  to  detect  any  potential  at  all  unless  we  take  two 
[loinls  or  bodies  whose  potentials  are  different,  the  nieasuremcni 
of  potential  itself  again  presents  difficulties,  On  the  other  hand, 
when  we  are  called  upon  lo  measure  ihe  potentials  of  Iwo  bodies, 
what  we  really  desire  to  know  is  the  difference  between  those 
l>otentials  ;  or,  if  we  call  the  potential  of  one  iKKjy  P,  and  that  of 
ihe  other  p,,  we  want  to  know  the  value  of  p— p,  ;  for,  after  all, 
it  is  this  difference  of  potential  that  determines  the  flow  of  elec- 
tricity. This  difference  of  potential  is  known  as  electro- motive 
force,  which  is  frequently  contracted  into  the  initials  e.m.f.,  i 
shorter  still,  into  e,  only.  It  is  this  electro  motive  force,  then, 
thai  we  desire  to  measure,  and  the  practical  unit  by  which  it  is 
measured  is  known  as  the  '  volt.'  \Ve  will,  for  the  present,  rest 
satisfied  with  the  simple  statement  that  the  volt  is  approximately 
equal  to,  although  actually  a  fraction  less  than",  the  electro -motive 
force  of  a  single  Danicll  cell.     (See  Chapter  III.) 

Reference  was  made  in  the  previous  chapter  to  '  resistance,' 
and  it  was  dcscrilicd  as  the  converse  of  conductivity,  which  again  we 
dcscril«d  as  the  ability  of  a  body  to  transmit  a  current  of  electricity. 
It  is  easy  to  show  that  resistance  may  be  expressed  as  a  ratio 
—the  ratio  of  el cctro-m olive  force  to  current — and  many  authori- 
ties insist  that  it  should  always  be  regarded  thus.     It  may  alsc 


^p  teaches  us  that  force  is  indestructible,  and  it 
that  if  energy  has  to  be  expended  in  impelling  ; 
against  a  greater  or  less  amount  of  resistance 
that  energy  must  be  developed  in  some  other 

I  form  is  usually  heat ;  or,  in  other  words,  when 
certain  amount  of  resistance  to  the  passage  of 
produced,  the  actual  amount  of  heat  being  an 
of  the  energy  expended  in  overcoming  the  resit 
therefore  directly  as  that  resistance.  Conseqi 
two  conduciors,  the  resistance  of  one  of  which 
other,  and  if  we  send  currents  of  equal  strei 
wires,  twice  as  much  heat  will  be  developed  ii 
the  higher  resistance  as  will  be  developed  in  ths 
resistance.  We  shall  have  occasion  to  deal 
more  fully  in  a  future  chapter,  but  we  may  ad 
wish  to  perform  work  at  any  point  by  means  o£ 
conducted  by  a  wire  to  that  point,  we  must  ke^ 
that  wire  down  to  the  lowest  practical  limit,  bee 
of  the  energy  frittered  away  in  healing  the  oq 
much  less  energy  available  for  the  particular  t» 
the  current  to  perform.  It  is  apjiarent,  then, 
unit  by  which  we  shall  be  able  to  compare, 
various  substances,  and  the  unit  selected  is  call 
was  decided  by  an  International  Congress  of 


The  Ohm 


IS 


which  determined  the  value  of  this  unit  also  decided  that  it  should 
be  known  as  the  '  legal '  ohm.  A  millionth  pari  of  this  unit  is 
called  a  microhm,  and  one  million  ohtns  a  megohm. 

There  have,  in  the  past,  been  an  almost  (inlimited  number  of 
units,  more  or  less  crude  and  unrehable  ;  for  it  must  be  borne  in 
mind  that  for  a  unit  to  be  of  any  real  value  it  must  be  permanent 
or  durable,  it  must  be  capable  of  confirmalion,  and  its  derivation 
must  be  well  known  and  invariable.  One  of  the  earlier  units  of 
resistance  was  that  offered  by  a  mile  of  the  then  best  procurable 
iron  wire  of  a  certain  gauge  or  diameter.  The  indefiniteness  of 
such  a  unit  may  be  conceived  when  it  is  called  to  mind  that  even 
now  no  two  samples  of  the  same  wire  will  offer  the  same  resistance  ; 
and  siill  more  so  was  this  true  a  few  years  ago,  when  the  quality 
of  iron  wire  as  a  conductor  was  vastly  inferior  compared  with 
what  it  now  is,  both  as  regards  its  actual  resistance  and  its 
uniformity. 

The  only  other  unit  which  we  need  consider  is  that  known  as 
the  B.A.,  or  British  Association  Unit  It  was  determined  in 
London  in  1863  by  a  committee  appointed  for  ihe  purpose  by 
the  British  Association,  and  the  method  of  dcierraination  then 
adopted  was  the  basis  upon  which  the  Paris  or  legal  ohm  was 
afterwards  calculated.  These  units  are  both  based  on  what  is 
called  the  C.G.S.  system  (p.  40),  the  Paris  unit  being  really  a 
correction  of  the  B.  A.  unit.  The  practical  standard  of  the  former 
has,  however,  a  great  advantage  over  that  of  the  latter,  which 
consisted  of  the  resistance  of  a  certain  length  of  wire  carefully  pre- 
ser\-ed  in  London.  This  was,  of  course,  rarely  used,  and  duplicates 
of  the  standard  had  to  be  employed  for  comparing  or  standardising 
other  resistances.  The  legal  ohm  is  manifestly  capable  of  being 
reproduced  more  easily,  and  it  is  this  fact  which  imparts  to  it  its 
chief  value.  The  B  A.  unit  is  a  fraction  smaller  than  the  Paris 
ohm,  the  actual  proportion  being  0-986  to  i  -o.  If  it  were  possible 
at  the  present  day  lo  universally  adopt  a  common  unit,  it  would 
certainly  be  a  great  advantage,  for  then  everybody  would  know 
what  was  mcint  when  anybody  else  mentioned  any  particular 
resistance.  But  prior  to  1S84  a  vast  quantity  of  electrical 
apparatus  and  machinery  was  in  use,  and  everything  in  Eng- 
land and  some  other  countries  was  measured  by  the  B.A.  unit, 
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while  the  racisuremcnts  employed  on  the  Continent  were  fo 
the  most   part  referrible   to  the   Siemens  unit,    which  was  ll 
resistance  of  a  column  of  mercury  i  metre  (or  39-37  inches)  Id 
the  other  details  as  to  its  sixc,  temperature,  and  pressure  being  Ih 
same  as  those  employed  in  devising  the  legal  ohm.    As  it  w 
ttie  various  administrations  and  authorities  were  placed  In  3  n 
inpleasani  dilemma.     If  they  re- standardised  and  re-marked  I 
their  existing  apparatus  ihL'y  would  have  had  to  incur  e 
expense,  while  if  they  continued  the  use  of  Ihcir  existing  si 
they  would  l>e  perpetuating  an  inconvenience  which  thqf  \ 
^Called  the  Congress  together  to  remove.     In  the  majority  of  CB 
guestions  of  finance  compelled  them  to  adopt  the  latter  alUi 
live,  so  that  with  us,  most  telegraph  apparatus  continues  to  1 
pleasured  by  the  B.A.  unit,  while  the  apparatus  employed  iB  I 
industries,  such  as  electric  lighting,  is  measured  by  the  1^ 
Ciltm.    Accordingly,  in  this  worlc  we  shall  endeavour  to  fcecpl 
'itlCT  in  view. 

The  student  will  frequently  eome  across  the  expression  'sped 
distance,'  and  it  is  a  most  important  term.  It  may  be  defitf 
a  the  resistance  of  any  particular  substance  as  compared  witfatf 
esistance  of  a  piece  of  some  other  conductor,  such  as  silver, 
am ilar  dimensions,  the  e  be  ^  n  ade  under  similar  conditi 
It  is  a  matter  of  grea  on  en  e  that  different  bodies  x 
heir  relative  or  spec  f  e  an  es  for  there  are  times  w 
#ant  the  lowest  possil  le  e  n  hile  at  other  times  we  n 
large  measure  of  re  s  an  e  mo  particularly  when  we  de 
Invent  an  electric  d  s  ha  ^  op  event  the  flow  of  an  e  ^^ 
current,  or  to  prevent  elet  y  le.  k  ng  from  one  body  to  anod 
Appended  is  a  table  hosed  upon  hat  of  Dr.  Matthiessen  nf 
stows  the  relative  re  u  n  e  of  a  number  of  metals  fieque 
met  with,  and  as  the  va  n  of  1  e  tenifierature  of  a  body  W 
electrical  resistance  11  he  e  ts  have  been  taken  at  a  c 
imperature,  viz.  tha  of  f  e  g  po  nt,  or  the  necessary  o 
ins  made  to  corres]  ond   o   1  a  peraturc. 

An  alloy  ofcopp  n  kl  and  nc  (the  usual  constiluenfti; 
rman  silver),  comb  n  d  w  I  02  per  cent,  of  tungsten,  ^ 
itroduced  a  few  yt  rs  o  nd  iie  name  of  platinoid.  I 
md  that  theaddili  n    f     n^,      n      parts  greater  density  toal 
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Uk!  reduces  any  tendericy ::  li^iLiicL 
icvcely  distinguishable  in  ijcearaju-t  r 
Bctre  offers  a  resistance  Zoir^.r^  fric:.  . 
io  that  its  resistance  is  si'yy^i  ic^  izsi  i 
silver.    As,  however,  allo^  alwi}i  11.-7 
Xfihion,  a  definite  resistaixs  :;ir-ij-j:  i 
commercial  variety,  and  f^"^  '-^  •=  1.: 
accepted  as  actually  true  cf  "J:t  p^inv. 
^d,  when  drawn  hard,  is,  'JxJz  '-:;>-• 
>udden  cooling. 

The  admixture  of  even  a  nii-it  zr 
^considerably  reduces  tie  c'..'i_j-- 
distance  of  a  metal  A  verr  r-rzii^ir*^-  ■ 
in  alloy  of  two  or  more  znit*jLa.  _5  :c:-iri 
ftsistance  of  the  allov  wia  al=i-.s  *ie 
Wher  of  its  constituents.  Puhrr  m  -J 
ukI  absolute  uniformity  i::  '- 
^lOman  silvefi  iS|  thereforei  pcc  c: 
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C-J//  Ike  wira  were  attncahd. 


Pure  copper 

Lake  Superior,  native,  not  fused 
Ditto,  fused,  as  it  comes  in  coinmeav 

Burra  Burra 

Beat  selected 

Brij-ht  copper  wire  .... 
Tough  copper  ■  .  .  .  , 
DeinidofT  .  ■  .  •  . 
Rio  Tinto 


Or,  again,  if  the  relative  conductivity  of  pi 
OS  loo,  then  that  of  copper  mixed  with  xb  per 
silver  will  be  only  65  ;  while  the  conductivity  o 
i-a  per  cent,  in  volume  of  gold  will  be  59  when 
is  taken  as  100. 

A  highly  interesting  phenomenon  is  the  woi 
a  variation  in  temperature  produces  upon  thi 
various  substances  through  which  a  current  ma 
would  be  less  surprising  were  it  general  or  w 
uniform  in  all  bodies,  but  the  great  feature  to 
while  in  the  case  of  metals  the  resistance  of  a  o 
increases  with  an  exaltation  in  temperature,  the  1 
a  decrease  in  resistance  under  similar  ciicumst 
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iH).>>ibIc  ihc  .same  \aliic  at  all  lclnl)L^alurc^.      It  111. i\  he  ohsciMd 

^liat  llic  insulating  coatings  of  the  wires  in  the  telegraph  cables 

laid  in  such  waters  as  the  Indian  Ocean  show  a  marked  decrease 

in  their  insulating  properties  after  submergence,  consequent  upon 

the  fact  that  the  water  is  several  degrees  warmer  than  that  in  the  tanks 

ii  which  the  standardising  tests  were  made.     The  accompanying 

lable,  showing  the  percentage  variation  in  the  resistance  of  various 

iKxlies  between  the  temperature   of  freezing  water  and  that  of 

boiling  water,  should  prove  emmently  interesting.     It  is  certainly 

laseful  and  important. 


Name  of  Metal 


Conducting  power 


Silver  =  zoo 


Percentage  fall  of 

conducting  power 

between  o^  and 


Pure  iron           .... 
Pure  thallium   .         *        .        . 
Other  pure  metals  in  a  solid  st.ue 
:  Gold  with  15  p.c.  iron 
Ptoofgold         .        .        .        • 
Standard  silver 
Gun  metal  (Austrian) 
Copper  with  25  p.c.  platinum  • 
Silver  with  5  p.c  platinum 
Silver  with  9*8  p.c.  platinixin     . 
Copper  with  97  p.c.  tin   . 
Gold  silver  alloy        • 
Platinum  with  33*4  p.c.  iridium 
German  silver   .... 
Gold  with  47  p.c.  iron 
Silver  v^ith  25  p.c.  palladium    . 
Stiver  with  33*4  p.c.  platinum  . 
Platinoid 


As  may  have  been  gathered  from  what  has  already  been  said, 

when   we   increase  the    length    of   a    conductor  we  invariably 

increase  its  resistance.     This  follows  as  a  matter  of  course  from 

the   fact  that  if  we   urge  a  certain   current   through  a  wire  of 

-.    increased  length,  we  give  it  more  work  to  do,  necessitating,  conse- 

-  quently,  a  greater  expenditure  of  energy  in  precisely  the  same  way 

_    that  a  railway  engine  would  consume  more  coal  in  taking  a  train 

^  a  distance  of  200  miles  than  it  would  consume  in  taking  it  only 

-2;  half  that  distance.     The  resistance  of  a  conductor  of  uniform 

r  material  and  thickness  or  cross-section  varies  directly  as  its  length  — 

that  is  to  say,  if  we  vary  the  length  of  the  conductor  we  vary  its 

c  2 
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resistance  at  exactly  the  same  rate,  or,  in  fewer  words, 
varies  directly  as  the  length  of  the  conductor.  If  a  mile  of  wJit 
of  a  certain  gauge  offers  a  resistance  of  len  ohms,  two  miles  of  ih; 
same  wire  would  offer  twenty  ohms. 

The  effect  of  increasing  the  size  or  sectional  area  of  a  con. 
ductor  is  to  increase  its  conductivity  and,  consequently,  to  diinini^ 
its  resistance,  in  exactly  the  same  way  that  increasing  the  diameter 
of  a  pipe  increases  the  amout)t  of  gas  or  water  that  can  be  passei 
through  it.  The  resistance  of  a  conductor  varies  inversely  as  its 
sectional  area.  That  is,  if  we  have  two  conductors,  such  as  nro 
specimens  of  copper  wire,  drawn  from  the  same  bar,  the  aitioui^l 
of  resistance  which  [he  wires  will  offer  depends  upon  the  siie  nf 
the  wires  or  on  the  area  of  the  ends  exposed  on  cleanly  cutting; 
them  at  right  angles  to  their  length — that  is  to  say,  upon  tlic 
amount  of  metal  through  which  the  current  can  flow.  Most  with 
are  round,  so  that  the  section  is  a  circle,  and  it  becomes  necessui 
to  understand  the  method  of  comparing  the  ateas  of  circles.  Thi: 
area  of  a  circle  varies  as  the  square  of  its  diameter  ;  for  example, 
if  we  have  two  circles,  one  having  a  diameter  of  one-lenth  of  in 
inch  and  the  other  of  two-tenths  of  an  inch,  their  areas  or  ih; 
spaces  they  enclose  will  not  be  in  the  proportion  i  1  a,  but  as  Wk 
squares  of  those  figures,  viz.  1  ;  4,  so  that  one  wire  which  is  Itht 
the  diameter  of  another,  other  things  being  the  same,  only  offir- 
one  quarter  of  the  resistance  offered  by  the  thin  wire.  While  if»e 
treble  the  diameter  of  the  wire,  or  make  it  three-tenths  of  an  iriLh. 
the  resistance  will  be  only  one-ninth  of  that  of  the  thinnest  wire. 
As  a  matter  of  fact,  the  thickest  of  these  three  wires  will  wei^ri 
exactly  nine  times  as  much  as  the  thinnest,  there  being  nine  timfi 
as  much  metal  in  it.  We  may,  therefore,  stale  our  law  in  othi' 
words  by  saying  that  the  resistance  of  wires  uniform  in  ill 
particulars  excepting  thickness  varies  inversely  as  their  wcighi. 
Thus,  if  a  mile  of  copper  wire  weighs  100  lbs.  and  has  a  r^ 
sistance  of  g  ohms  and  an  equal  length  of  similar  copper  wire 
weighs  150  lbs.  the  resistance  of  the  latter  will  be  6  ohms.  Again, 
the  specific  resistances  of  iron  and  copper  are  approximately  j^< 
6  to  I,  If,  now,  a  mile  of  iron  wire,  0240  of  an  inch  in  diameu 
has  a  resistance  of  5  ohms,  and  it  is  thought  for  certain 
desirable  to  substitute  a  mile  of  copper  wire  having  the 


?  should  have  lo  use  wire  weighing  one-sixth  the 
if,  or  whose  sectional  area  would  be  one  sixth  of,  that  of  a 
rire  o'z4o  of  an  inch  in  diameter,  because  the  resistance 
e  of  the  latter  would  be  only  five-sixlhs  of  an  ohm.  The 
I  thickness  could  he  ascertained  by  rule  of  three,  for  if 
I  for  the  required  diameter, 

6  :  r  :  :  (0240)'  :  .v«, 

ich  we  find  x*  =  00096.  Therefore  x,  or  the  required 
r,  is  equal  to  the  square  root  of  o'oo96,  or  o'ogS  of  an 
irly. 

nductor  offers  to  the  passage  of  electricity  at  equal  tcm- 
I  a  constant  resistance  which  is  altogether  independent 
'  the  eiectro- motive  force  or  of  the  strength  of  the  current. 
to  say,  a  wire  which  offers  10  ohms  to  the  passage  of  a 
irrent,  offers  precisely  the  same  resistance  to  a  powerful 
except  in  so  far  as  an  increase  in  the  strength  of  the  current 
a  corresponding  increase  in  the  temperature  of  the  wire, 
increased  temperature  causes  a  proportionately  increased 
e,  as  already  pointed  out. 

come  now  to  the  consideration  of  the  laws  w'lich  deter- 
(  strength  of  a  current  and  of  the  relationship  subsisting 
strength  and  the  other  attributes  of  an  electric  current, 
relationship  can,  perhaps,  be  best  understood  by  the  aid 
ile.  Let  us  suppose  two  tanks,  ojie  very  high  up,  say 
four  hundred  feet  above  the  ground,  the  other  raised  only 
It  Let  both  tanks  contain  the  same  quantity  of  water, 
loth  of  them  be  supplied  with  pipes,  the  one  for  the  upper 
ng,  however,  very  much  smaller  in  diameter  than  that  for 
r.  On  turning  the  taps  the  water  from  the  upper  tank, 
t  small  in  quantity,  will  issue  forth  with  much  greater 
in  that  from  the  lower  tank,  although  the  quantity  or  rate 
Item  the  lower  tank  may  considerably  exceed  that  from 
a  tank.  In  other  words,  the  pressure  in  the  long  small 
much  greater  than  in  the  short  but  large  one,  while  ihe 
of  water  delivered  by  the  former  is  considerably  less  than 
ivered  by  the  latter.  Pressure  in  a  colmnn  of  water 
nds  with  the  electro-motive  force  of  a  battery,  while  the 
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volume  or  quaniiiy  of  water  flowing  through  the  pipe  corra 
lo  current  strength.  Bui  to  pursue  the  analigy  still  fi 
if  the  upper  tank  be  raised  sufficiently  high,  the  greater 
M)  obtained  will  augment  the  velocity  of  the  water,  and  ill 
Links  will  W  emptied  in  the  same  lime.  There  are 
ihen,  that  govern  the  quantity  of  water  delivered  or  the 
delivery — viz.  the  pressure,  and  the  size  of  the  pipe,  whicf 
corresponds  in  electrical  considerations  with  the  size 
ductor  and  consequently  with  the  resistance. 

By  current  strength  is  meant,  therefore,  the  rate  of  flowfl 
Iricity,  and  it  is  measured  by  the  quantity  of  electricity  p 
any  point  in  a  circuit,  during  a  given  time.  It  correspondj 
mie  of  deliver^'  of  gas  or  water  by  a  pipe.  In  n  simple  circt " 
pcnds  upon  two  things,  the  electro -nnoti\'C  force  of  the  gcneig 

' '  '_  li.illery  and  the  resistance  of  the  whole  drcuit,  which  comj 
wireandapjxiralusaswdlas  the  lialtcry  itself.  The  practical' 
current  strength  or  rale  of  delivery  is  callpjj_ilig  apipf  re,  and 
amount  of  current  which  isui^ed  through  a  circuit  of  one  ohaj 
tancc  by  an  electro -motive  force  of  one  volt.  If  this  current  is' 
taincd  for  one  second,  one  unit  of  electrical  i^tianti/yK  deli 

.■X  this  unit  is  called  the  coi]|omb.  If  a  current  of  half  e 
flows  for  two  seconds,  tSe  qu.mtity  of  electricity  delivered  U 
one  coulomb.  So  also  is  it  if  a  current  of  two  amperes  d 
half  a  second,  so  that  in  every  case  the  rate  of  flow,  or 
strength  in  amperes  multiplied  into  the  time  in  seconds  g 
the  total  quantity  of  electricity  or  the  numlier  of  coulombs, 
if  Q  represents  the  quantity  of  electricity  in  couloml>s,  c  the 
strength  in  amperes,  and  t  the  time  in  seconds, 

Q  =  C  X  ^. 

As  the  quantity  of  electricity  delivered  is  rarely  reqd 
he  known,  hut  rather  the  rate  of  delivery  or  flowing, 
deal  more  fully  with  the  method  of  ascertaining  tliis  n 
order  that  this  may  be  more  readily  understood,  we  will 
proceed  lo  the  discussion  of  'Ohm's  Law,'  which  declan 
the  current  strength  varies  directly  as  the  electro-motive  fat 
inversely  as  tfie  resistance.  This  law  may  be  represented 
limple  equation  — 
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Electro-motive  force 


Resistance 


=  cinmit  strengtby 


R 

As  an  example  of  the  rebtion  which  tfie  mnes  bear  tj  c*:;: 
Jther  we  may  take  the  simple  case  of  a  hatterr  faxrm^  aa  -ifetirr:- 
motive  force  of  one  volt  and  sending  a  cmiau  thraici?i  a  » irt- rr 
rhose  total  resistance  is  one  ohm.  The  cnrreoc  scr=Eir:ii  wil 
then  be  one  ampere,  thus  : — 

I  volt 

— J —  =  I  ampere, 

1  ohm 

and  if  this  current  is  maintained  for  one  secocwl  one  aydr.mr  :c 
electricity  will  have  passed.     By  doabtii^  the  ressozacs^  -m^t  n 

I  volt 


2  ohms 


^  O' 


Similarly,  by  doubling  the  ekctro-motrve  force  w^  s^  -wci   ir:r 
resistance, 

2  volts 


I  ohm 


=  2 


A  little  reflection  will  make  evidest  die  infjB*5arT  ssw  -hsr 
M^  current  strength  is  the  sametu  au  fmrtx  ^  ti^  jsr:acr  i;-fi  :i->r 
not  in  any  sense  vary  in  different  pars  ct  tit  ais**  ::m:r.     7'--^ 
cunent strength  can  easily  be  suppceed  t-  ''Jt  iruDim  r  1  ■:-  •'.  -  : 
conductor,  but  if  we  make  up  a  «■'■  v  >  -wifi  -r-rs   -y  :.  f  r-rr 
degrees  of  conductivitv,  or  if  we  rrjsrnstt  ir^-r  Irjizti  ''.ri\:j:..r 
the  same  law  holds  good,  just  2S  wcnii  -je  f-j*  --Si-t  r'  v-  r  -r-,  .-, 
urge  a  current  of  water  throu^  a  pot  it  Tirau-jit  -^suns-r.-r      T 
manifest  that  if  a  gallon  of  wiser  -trxsi  r-jt  ^n;:^  n  s.  'j^^.v."    •—< 
the  same  volume  must  pass  ocr  sb  ±1*  ianiit  *itu»:    *:-:•;/     ' . 
pipe  to  have  been  already  fcT.  and  "fi**  «ai»*  -v-^i;:i:r'  r-.       ,-:- 
e\ery  point  in  the  pipe  in  the  ssrae  inxf^n^  's   irr.*-.  ;■ 
the  thinner  or  smaller  porticcs  ^  "^t!:  >r:*t    :T#t    v.-.—  -;« 

faster  and  generates  a  litiie  ncrt  isac  v»  ^'rr.ivi  »  m  -  v-" 
of  the  pipe  than  in  the  larztr  iertjiira  -f  c  7";ii:  :kv.^  *  .  ^ 
^  holds  good  with  mgpad  &>  des3rr:c3^  tut  liinnrr  « 
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poorer  conduclor  will  be  more  highly  hcnted  than  the  thicker  or 
better  conductor.  It  is  this  fact  [hat  makes  eleclric  .lighting  by 
incandescent  lamps  possible.  It  is  doubtful  whether  in  the  whole 
range  or  history  of  electrical  science  a  law  has  ever  been  enun- 
ciated so  full  of  truth  and  of  such  truly  immense  importance  n 
that  discovered  by  George  Simon  Ohm,  and  we  shall  find  frequem 
need  to  refer  to  it  in  the  succeeding  chapters. 

For  the  benefit  of  those,  and  our  experience  teaches  us  thai 
they  are  very  numerous,  who  do  not  understand  the  full  meaning 
of  a  simple  equation,  we  may  say  that  if 

-  =  c,  then  -  =  R,  and 
R  c 

E  =  Rc  (or  K  X  c). 

So  that,  if,  of  these  three  quantities,  we  are  told  two,  we  can 
always  readily  calculate  the  third.  Thus,  with  a  current  of  two 
amperes  and  an  electromotive  force  of  10  volts,  the  resistance 
will  be 

i?=  5  ohms. 

Similarly,  if  a  current  of  5  ami>eres  flows  through  a  resistance  of 
10  ohms,  the  electro-motive  force  capable  of  maintaining  this  cur- 
rent will  lie 

10  X  5  =  50  volts. 

\Viien  two  or  more  channels  or  paths  are  open  to  a  current 
of  electricity,  the  current  divides  between  them,  just  as  waiet 
or  gas  in  a  pipe  will  divide  into  any  number  of  branch  pipe?. 
If  in  the  case  of  electrical  conductors  there  are  two  wires 
(a  and  E,  fig.  i),  between  which  the  current  can  divide,  and  li 


^\-^ 


^^^inei 


the  resistances  of  the  two  wires  are  equal,  the  current  will  divide 
Jlially  between  them  ;  thus,  if  a  current  of  two  amperes  flom 
im  llie  battery  p,  one  ampere  will  go  through  each  wire.    Wha 
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iLc  resistances  are  not  equal,  ihe  current  will  divide  inversely  as 
the  resistances  ;  thus,  if  the  resistance  of  one  wire  (a,  (ig.  2)  is 
10  ohms,  and  of  another  (b)  is  ao  ohms,  and  a  current  of  three 


\ 


Hh<: 


amperes  divides  between  them,  two  amperes  will  go  through  the 
wire  A  of  10  ohms  and  one  ampwre  through  the  wire  e  of  lo  ohms, 

When  two  or  more  wires  are  joined  togetlier  so  that  the 
current  divides  between  them,  they  are  said  to  be  joined  up  in 
'parallel,' and  when  the  end  of  one  is  joined  to  the  end  of  another 
so  that  the  whole  current  goes  through  both  wires,  one  after  the 
other,  the  wires  are  said  to  be  joined  up  in  'series.' 

The  law  for  double  channels  holds  equally  good  for  multiple 
channels.  Thus,  if  there  are  10  wires  of  uniform  resistance  and  a 
current  of  10  amperes  divides  between  them,  it  will  do  so  equally, 
so  that  one  ampere  will  flow  through  each  wire.  When  the 
resistances  rary,  then  the  current  flowing  through  each  wire  will 
vary  also,  but  in  the  inverse  ratio. 

When,  however,  two  or  more  wires  are  joined  up  in  parallel,  a 
serious  alteration  is  made  in  the  condition  of  the  circuit,  for  the 
total  amount  of  current  that  is  produced,  whether  it  be  from  a 
primary  battery,  a  dynamo -electric  machine,  or  any  other  source 
of  electrical  energy,  will  be  increased.  This  increase  follows  from 
the  fact  that  when  wires  are  joined  up  in  parallel,  their  united,  or, 
technically  speaking,  their  joint  resistance  is  less  than  that  of  any 
one  of  the  wires  taken  separately.  The  meaning  of  this  will  be 
more  readily  apparent  if  a  wire  is  regarded  as  a  conductor  rather 
than  as  a  source  of  resistance.  Thus,  if  two  equal  wires  lie  side 
by  side  and  the  current  is  allowed  to  flow  through  them,  the  con- 
ducting power  of  the  double  wire  will  be  twice  that  of  either  wire 
taken  separately,  in  precisely  the  same  way  that  a  water  or  gas- 
pipe  two  square  inches  in  section  will  transmit  twice  as  much  as 
a  similar  pipe  only  one  square  inch  in  section.    It  therefore,  the 


i 


I 

I 


26  Electrical  Enghieeriitg  chip  n, 

conductivity  of  the  two  wires  in  parallel  is  tivice  that  of  one 
of  them,  their  united  or  joint  resistance  will  l>e  only  half  ibi 
of  one  of  them.  Thus,  if  two  wires,  each  of  100  ohms  resistanre. 
are  joined  to  a  battery  in  parallel,  their  joint  resistance  will  be  ;c 
ohms.  Similarly,  if  ten  wires,  each  of  100  ohnis  resistance,  it f 
joined  in  parallel,  they  will  offer  .1  joint  resistance  of  10  ohnn 
^Ve  can,  therefore,  say  that  if  any  number  of  wires  («)  of  unifom- 
resistance  (r)  are  joined  in  parallel,  or  '  multiple  arc,'  as  Hif 
arrangement  is  sometimes  called,  ihen  their  joint  resistance  =  - . 

Suppose,  now,  that  our  battery  has  an  electro-motive  force  of  ic 
volts,  and  that  lis  internal  resistance  is  negligibly  low,  1 
wire  of  100  ohms  joined  on  we  get — 


This  airrcnt  divides  equally  1 
yoing  tlirough  each. 

With  10  wires  we  get — 


^ 


Whence  one  ampere  will  still  go  through  each  wire,  so  that  ik^ 
strength  of  the  current  increases  in  precisely  the  s 
as  the  number  of  wires.     If,  however,  the  internal  1 
the  battery  is  proportionally  liigh  enough  to  necessitate  it 
taken    into  account,  the  reduction  of  the  external  1 
will  not  produce  so  marked  an  effect.     With  a  battery  re 
o  ohms  and  a  single  wire  of  a  like  resistance  we  get 


ParnlM  Cirniils 
9  when  two  wires  are  joined  in  parallel  we  get — 
— -■ —  =:  —-  ^  0-65  ampere. 


=  —  —  D-()o  ampere. 

Thus  with  two  wires  in  parallel  a  current  of  0*33  ampere  would 
flow  through  each  wire,  while  with  ten  wires  the  current  strength 
in  each  wire  would  he  only  0-09  ampere. 

When  the  parallel  circuits  are  of  difTerert  resistance,  the  calcu- 
lation of  their  joint  resistance   involves  a  h"tt!e  luore  trouble.     I^t    ' 
us  suppose  two  wires  joined  in  parallel,  their  individual  resistances 
Ijcing  R|  and  r,  respectively.     As  we  have  already  pointed  out, 
resistance  is  the  converse  of  conductivity.     Therefore,  r,  and  Rj, 

rcjJTcsenting  the  resistances,  —  and  JLjwillrcpre.senlthcirconiiuc- 
tivities,  whence  the  united  conductivity  will  be   -  •\-^-,  which  is 

equal  to  — ' ?.  This  being  the  joint  conductivity,  the  joint 

resistance  will  be  — ' — -  ;  thus  if  r  ,  ^  «oo  ohms  and  r,  =  1,000 

R|    +  Rj'  '         ^  2  > 

ohms,  their  joint  resistance  will  l>e 


500  -f  1 


=  333"3  ohms. 


Briefly  put»  it  may  be  said  that  the  joint  resistance  of  any  two 
conductors  is  equal  to  the  product  of  those  resistances,  divided  by 
their  sum. 

Similarly  with  three  (or  more)  wires  of  difTcrcnt  resistances, 
their  joint  conductivity  would  be 


i  4-  Rj  R3  +  R|  Bn 


R,        Ri         Itj 

mcc  the  joint  resistance  will  be 
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If  Ri,  Rj,  and  Rj  are  500,  1,000,  and  »,ooo  ohms  rcspectivetj( 
eir  joint  resistance  will  therefore  be 


i)  +  (1,000  X  2,000)  +  (500  > 
=  2857  ohms. 


I 


I 


3.500. 

In  the  process  of  electrical  testing  it  is  frequently  found  to  h 
necessary  to  employ  wires  of  various  resistances,  either  as  si 
ards  for  comparison,  or  simply  for  the  purpose  of  placing  in  1 
circuit  and  varying  the  strength  of  the  current  therein.  The  win 
are  usually  coiled  up  or  wound  on  bobbins,  so  as  to  occupy  litd 
space,  and  are  then  placed  in  a  convenient  case  or  box  ;  such  , 
set  of  coils  is  known  as  a  resistance-box,  or  rheostat.  But  if  tl 
coils  are  to  be  of  any  real  value  as  standards,  great  care  raust  b 
exercised,  not  only  in  accurately  measuring  their  resistance,  b 
also  in  selecting  the  materials  of  which  they  are  made,  so  as 
avoid  deterioration  or  change  of  any  kind.  The  wire  must  ' 
completely  covered  throughout  by  some  good  insulating  substano 
to  prevent  contact  between  adjacent  convolutions,  and  the  maM 
rial  used  for  this  purpose  must  be  able  to  withstand  withoi 
change  the  highest  temperature  to  which  it  is  likely  to  be  sul 
jected  ;  and  it  must  also  be  incapable  of  producing  any  injurioi 
action  on  the  wire.  The  best  insulating  material  is  silk  threa 
which  is  wound  spirally  over  the  wire  in  one  or  two  layers. 

In  selecting  the  material  for  the  wire  itself,  several  points  shoul 
be  carefijlly  attended  to.  The  metal  must  be  free,  from  any  li 
bility  to  alteration  by  oxidation,  &c.  (iron  is,  therefore,  unsuitably 
But  the  most  important  mailer  for  consideration  is  the  amount  1 
its  variation  in  resistance,  with  a  given  change  of  temperature. 

In  very  important  work  it  is  necessary  to  know  the  temperatni 
at  which  a  coil  was  originally  measured,  and  either  bring  it  I 
that  same  temperature  during  the  experiment  or  else  make 
correclion  in  the  result.  Bui  either  course  is  Somewhat  tedioQ 
and  in  ordinary  cases  impracticable.  In  practice  the  coils  a 
measured  at  the  temperature  at  which  it  is  probable  they  w 
[enerally  be  used,  say  15°  C.  (59°  F,),  and  the  error  lessened  I 
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of  Icrmitial  or.  binding  screw  shown  in  fig.  y 
objection,  the  contact  being  as  a  rule  uncerLlil 
in  which  dependence  for  good  contact  has  real 
the  end  of  a  screw  (frequently  pointed  as  if  to  a 


I 


should  be  eschewed,  at  least  for  small  wire 
readily  bent  with  the  finyers.  A  much  bet 
terminal  is  that  shown  in  fig.  4,  where  the  wii 
a  fixed  base  and  a  screw  nut.  In  tigbtenij 
efleet  is  produced,  which  assists  in  removin 
either  on  the  wire  or  on  the  terminal)  and  sq 
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iiito  aiiy  particular  circuit  can  be  varied  at  will  fruni  the  /rro  to 
llic  niaxiiiium,  special  devices  liave  to  be  employed  to  obtain  tbis 
result  with  the  smallest  possible  waste  of  time,    Pig.  5  shows  the 


licsl  method  of  casing  a  number  of  coils  of  various  resistances ; 
all  the  coils  are  joined  in  series,  and  the  junction  of  each  jiair  is 
soldered  to  the  bottom  of  a  brass  block,  as  shown  in  the  figure, 
great  care  being  taken  in  winding  to  ensure  the  absence  of  contact 
or  leakage  between  one  portion  of  the  wire  and  another.  The 
Ixibbins  are  fixed  to  the  under  side  of  the  ebonite  top  of  the  case, 
the  wires  being  connected  to  the  brass  blocks  a,  b,  c,  d,  e,  which 
jte  finiily  lixed  to  the  upper  side  of  the  ebonite,  the  adjacent  ends 
ui  the  various  blocks  being  turned  out  to  receive  a  slightly 
lapcred  or  conical  brass  plug.  The  end  blocks  are  fitted  with 
lerminal  screws,  t,  and  T.^,  to  which  any  extraneous  wires  can  be 
connected  Now,  if  a  wire  leading  from  the  copper  pole  of  a 
battery  is  joined  to  a  terminal,  t,,  and  another  from  the  zinc  pole 
lo  T3,  a  cunent  will  flow  through  the  resistance  box,  starting 
from  the  left-hand  block  a  and  passing  through  the  resistance 
coil  No.  1  to  the  second  brass  block  b.  Here  it  has  two  paths 
ojH;n  to  it ;  one  througli  the  coil  No.  2,  of  coin[>aralively  hiyh 
resistance,  the  other  through  the  brass  plug  p,  which  has,  practi- 
cally, no  resistance  at  all,  Ail  the  current  will  therefore  [wss  by 
the  latter  path,  and  none  through  the  coil,  which  is  said  under 
these  circumstances  to  be  '  short-circuited '  by  the  plug  p.    The 


CLirenl  must  pass  through  the 
terminal  Tj. 

The  brass  plug,  which  should  be  furnished  with  an  e 
cap  or  lop,  must  be  carefully  tapered  to  fit  the  hole  e 
Should  there  be  the  slightest  shake,  or  should  there  be  any 
grit  on  the  blocks  or  on  the  plug  itself,  the  contact  will  be 
tain  and  the  resistance  variable.  When  properly  made,  the  ( 
on  being  insetted  with  some  pressure  and  a  slight  twist— si 
the  right^should  fit  so  thoroughly  that  on  raising  it  the  re 
ance  box  should  be  lifted  with  it.  To  remove  the  plug  it  shi 
be  necessary  to  first  loosen  it  by  giving  a  slight  twist  to 
left.  The  lower  and  the  two  vertical  edges  or  comers  of 
blocks  should  also  be  filed  away  to  give  a  larger  ebonite  insulj 
surface  between  the  blocks  and  to  allow  this  surface  to  be  I 
clean.  This  arrangement  is  necessary  in  order  to  prei'ent,  ai 
as  possible,  any  short-circuit  being  caused  by  the  accumulatto 
dust  and  dirt. 

Resistance  coils  fitted  in  this  way  can  easily  be  put  in  or  U 
out  of  the  circuit,  by  withdrawing  or  inserting  plugs  between 
brass  blocks  to  which  the  ends  of  the  various  coils  are 
It  is  hardly  necessary  to  remark  that  the  surfaces  of  contact  sbl 
not  be  lacquered,  but  should  be  kept  bright  and  clean. 

Resistance  coils  are  frequently  used  in  conjunction  with 
in  the  immediate  vicinity  of  delicate  measuring  apparatus  in  »ri 
a  sensitive  magnetised  needle  is  employed.     If,  in  such  case^ 
coils  are  wound   continuously  on   the   bobbin,   or  in  the  s 
manner  as  a  solenoid,  an  electro- magnetic  field  of  force  will 
set  up  immediately  a  current  is  sent  through  tlie  coils,  which  a 
be  sufficiently  strong  to  impart  motion  to  the  needle.    If  ttai 
instnunent   is    being  employed  to  measure  the  current 
through  the  resistance,  or  any  effect  of  that  current,  serious 
may  therefore  be  introduced  by  the  direct  effect  of  the  coils 
the  needle.     Again,  as  we  shall  see  later  on,  it  is  impossil 
start  or  stop  a  current  in  a  solenoid  suddenly,  because  Vi 
done  and  time  occupied  in  establishing,  and  again  in  disesi 
ing,  the  electro- magnetic  field.     I'hese  are  serious  defects, 
is  fortunate,  therefore,  that  the  remedy  is  simple. 

To  obviate  the  difficulty  it  is  only  necessary  that  the 
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iould  be  wound  '  double '—that  is  to  say,  the  required  length 
lould  be  measured  off  and  then  doubled  in  the  middle,  the  two 
lives  being  wound  on  togelher.  The  meaning  of  this  will 
jrhaps  be  more  apparent  on  referring  to  the  illustration  (fig,  5), 
he  double  winding  is  more  easily  managed,  especially  with  long 
)ils,  by  winding  the  two  halves  off  two  separate  spools  or  bobbins 
id  soldering  the  inner  ends  together.  In  either  case  the  two 
;tremities  of  each  coil  are  brought  out  together.  We  have  thus 
TO  similar  helices  or  solenoids  carrying  currents  equal  in  strength 
ji  opposite  in  direction.  The  consequence  is  that  the  disturbing 
feet  which  would  be  produced  by  one  solenoid  is  counteracted 
■  neutralised  by  the  opposite  effect  which  would  be  due  to  the 
her. 

VVhen  the  coils  to  be  enclosed  in  a  box  are  numerous,  it  is 
convenient  to  place  them  in  one  long  row  and  thus  make  a  long 
irrow  box.  It  is  preferable  to  arrange  them  in  two,  three,  or 
ore  parallel  rows,  connecting  these  rows  together  by  brass  blocks 
id  plugs,  as  indicated  in  fig.  6.     The  centre  of  each  block  should 


io  be  provided  with  a  tapered  hole  of  the  same  size  as  those 
rtween  the  blocks,  in  order  that  the  plugs  may  be  placed  in 
era  when  not  in  use  for  short-circuiting  the  coils.  It  is  most 
iportant  that  all  the  holes  and  all  the  plugs  should  be  of  exactly 
,e  same  dimensions,  so  that  the  plugs  may  be  interchangeable, 
■  that  any  one  plug  may  be  used  for  any  of  the  holes.  Failing 
lis,  considerable  inconvenience  and  risk  of  error  would  speedily 
asue,  for  then  there  would  be  a  particular  plug  for  each  hole. 


I 


or  box  provided  wilh  an  ctronitc  top  s 
base.  Ten  coils,  each  of  40  ohms  ri'sislani 
eleven  rounded  stee!  points  projecting  throu  J 
the  instrument.  Ten  other  coils,  each  of  I 
are  connected  to  the  steel  points  on  the  othef 
of  the  ebonite.  A  number  of  other  c 
brass  blocks  fixed  on  the  base  of  the  ir 
those  abcady  described  ;  when  not  required 


)us  through  the  40- ohm  coils  until  it  rearhes  the  steel  spring 
Ed  by  the  front  brass  arm,  which  is  movable  over  these  coils 
tuds.  Passing  along  this  arm,  which  is  metallic  throughout. 
II  enter  the  other  movable  arm  and  tlience  pass  10  the 
tbm  coils.  Leaving  at  the  zero-stud  of  these  400-ohm  coils 
le  left-hand  side,  it  will  pass  by  a  thick  wire  direct  to  the  left- 
terminal  and  so  to  the  other  part  of  the  circuit.  The  two 
can  he  readily  moved  round  over  the  steel  studs  or  points, 
at  the  range  of  one  arm  is  from  o  to  400  ohms,  and  that  ol 
flier  from  o  to  4,000  ohms.  The  total  resistance  in  circuit 
Ihe  arms  as  shown,  and  all  three  plugs  in,  is  3,880  ohms. 
High  it  is  a  great  advantage  that  the  resistance  can  be  very 
^  varied,  the  instrument  is  somewhat  objectionable  for 
Ite  measuring  purposes,  as  the  springs  are  apt  to  get  weak 
he  contact  unreliable,  the  resistance  then  becoming  variable. 
nother  method  of  casing  and  joining  up  resistance  coils  is 
a  in  figs.  8  and  9.     A  {fig.  8)  is  a  circular  brass  plate;  d,  c,  d 


tass  blocks.  A  tapered  hole  is  provided  between  each  of 
pouter  plates  and  the  pl.ite  a  for  the  usual  comcil  plug, 
^re  the  terminal  screws,  the  latter  of  which  is  pernnntnlly 
|Eted  to  the  brass  phte  a.  One  end  of  each  of  the  three 
ii  soldered  to  terminal  t,,  and  the  other  end  of  each  10  one 
\ta  of  the  outer  brass  blocks.  When  it  is  desired  to  inserl 
k  circuit  one  of  the  resistance  coils,  the  plug  is  placed  ii 
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hole  whicli  is  between  the  block  connected  to  that  coil  and  the 
plate  A. 

Thus  the  action  is  the  reverse  of  that  described  in  the  last 
method,  for  here  we  insert  a  plug  to  insert  resistance,  remming  it 
to  cut  out  ihe  resistance.  Only  one  coil  can,  however,  be  usd 
at  a  time  ;  and  if  the  plug  is  placed  between  terminals  t,  andTj 
the  whole  box  is  short-circuited.  Fig.  9  shows  a  box  of  coils 
connected  according  to  this  method.  It  is  designed  for  use  wilh 
a  galvanometer  as  a  set  of  '  shunt  coils,"  having  respectively 
4i  A>  ^^^  irJi  of  the  resistance  of  the  galvanometer.  (The  nature 
and  applicability  of  shunt  coils  will  be  dealt  with  in  Chapter  IV.) 

For  general  use  as  well  as  for  accurate  measurements,  the  fonn 
of  resistance- box  shown  in  figs.  5  and  6  should  be  used.  Bui 
where  a  means  of  rapidly  varj'ing  the  resistance  is  necessary,  ihe 
form  shown  in  fig.  7  is  often  employed.  As  we  have  alrvady 
remarked,  resistance  varies  considerably  with  temperature,  whence 
every  set  of  coils  should  have  marked  on  the  case  the  temperature 
at  which  they  were  measured.  Then  for  very  accurate  tests  ihej 
may  either  be  brought  to  that  temperature  or  a  correction  made 
in  the  reading,  but  in  any  case  it  is  known  whether  any  great  enof 
is  likely  to  be  caused  by  using  them  at  any  particular  temperature. 

It  sometimes  happens,  however,  that  sets  of  resistance  coils  are 
required  merely  for  the  purpose  of  dissiijaiing  a  certain  amount  oi 
electrical  energy.  For  instance,  it  becomes  necessary,  when 
employing  some  dynamo  electric  machines,  to  reduce  the  electrical 
output  in  response  to  a  correspondingly  reduced  demand  mid; 
upon  it  by  the  external  circuit ;  and  this  can  be  done  by  Joining 
extra  resistance  in  series  with  the  magnet  coils,  and  allowing  some 
of  the  power  to  be  expended  in  heating  this  extra  resistance.  In 
such  cases  it  is  not  necessary  to  know  exactly  the  value  of  the 
resistance  in  ohms,  but  it  must  be  divided  into  a  number  of  ap 
proximately  uniform  sections,  so  that  its  value  can  be  changed 
gradually.  As  the  currents  employed  are,  in  such  cases,  very 
powerful,  it  is  important  that  the  coils  should  be  able  to  withstand 
a  considerable  rise  in  temperature  without  being 
jured.  The  wire  must  therefore  he  left  bare, 
generated  can  be  dissipated  by  radiation  : 
the  wire  to  be  covered  with  any  insuhting  material, 
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by  both  these  processes  would  be  impeded,  and  there  would  be 
the  further  disadvantage  that  this  she.ithing  would  be  sooner  or 
later  damaged,  if  not  destroyed.  The  wire  should  be  of  a  metal 
which  has  a  fairly  high  specific  resistance  and  fusing  point,  and 
should  not  be  liable  to  deterioration  by  combining  with  atmo- 
spheric oxygen.  For  these  reasons,  German  silver  and  tinned 
or  galvanised  iron  are  usually  employed,  but  in  special  cases 
platinoid  is  resorted  to.  It  is  essential  to  select  for  the  supporting 
frame  a  material  which,  while  strong,  is  also  non-inflammable  and 


a  good  insulator,  with  the  smallest  possible  power  of  condensing 
atmospheric  moisture  upon  its  surface.     In  fig.  lo  is  shown  s 
a  set  of  resistances,  constructed  by  Messrs.  Goolden  &  Co., : 
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suitable  for  carrying  very  heavy  currents.  There  are  two  cast-imn 
end  frames,  which  are  hollow  and  have  slate  slabs  fitted  intoiheni. 
these  slabs  being  held  in  position  by  bolts  which  pass  thruu^, 
both  the  slate  and  iron  frame.  The  slabs,  projecting  inwaidsftoc 
the  frames,  carry  a  series  of  brass  bolts  and  nuts,  on  to  which  v-. 
fixed  the  inJs  of  spirals  of  bare  German-silver  wire.  Slate  b  jt-. 
effective  ns.ilator  for  the  purpose,  and  the  device  of  passing  the 
connecting  bolls  right  through  it  and  securing  them  with  nit, 
instead  of  trus:ing  to  a  screw-thread  cut  in  the  material,  renders  <: 
mechanically  satisfactory.  The  fiame  is  completed  and  duiJ: 
rigid  by  a  pair  of  iron  rods  which  are  secured  to  the  cast-iron  emk 
The  whole  of  the  spirals  are  joined  in  series,  the  terminals  for  (oii' 
nection  to  the  external  circuit  being  fixed  on  to  the  slate  througn 
holes  in  the  bottom  end-frame.  The  left-hand  terminal  is  joiocd 
to  the  bottom  of  the  left-hand  spiral,  while  the  right-hand  ta- 
minal  is  connected  to  the  lever  of  a  switch  which  passes  over  niw 
contact  pillars  rising  from  the  slate  bed  through  an  opening  in  itw 
frame.  These  pillars  are  connected  to  the  lower  junctions  of  lb; 
spirals,  and  by  altering  the  position  of  the  switch  the  spirali 
be  cut  in  or  out  of  circuit,  in  pairs,  as  desired.  The  iron  framn 
are  12  inches  in  width,  the  length  being  varied  up  to 
2  feet  6  inches  by  the  employment  of  connecting  rods  of  difft 
lengths.  A  set  of  resistances  similar  to  that  illustrated  is 
of  dissipating  about  1,000  watts  without  undue  heating. 

We  haie  seen  that  whenever  a  current  of  electricity  floi 
certain  amount  of  energy  is  expended  ;  and  it  is  necessai)-  to! 
able  to  measure  exactly,  the  amount  of  energy  so  expended  in 
circuit  or  in  any  part  thereof     The  quantity  of  work  performed  ial 
raising  a  mass  of  one  pound  through  a  difference  of  level  of 
fool  against  the  force  of  gravity,  is  generally  taken  as  the  unit  Of 
mechanical  energy  and  is  known  as  the  foot-pound.     The  work 
done  in  raising  any  mass  through  any  height,  is  found  by  simplj 
multiplying  together  the  number  of  pounds  in  that  mass  bytte 
number  of  feet  through  which  it  is  tified.     Somewhat  similarly  we 
can  take  as  the  practical  unit  of  electrical  energy,   the  amoua 
expended    in    transferring  a   unit    quantity   of    electricity  (o« 
coulomb)  through  a  difference  of  potential  of  one  volt.     And  hj 
multiplying  the  number  of  coulombs  which  have  flowed  from  une 
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point  to  another  hy  the  dincrirr.ce  cf  :•. ■..-:: -L    -  -    .n   •.-"     ■■ 
those  points,  we  obtain  :he  r.u.T.  .=:  cf  ur.ii   .:'  -  -.  :.-■-::_  -.-   -, 
expended  during  the  pa--::Jr   .:"  i'.r   i-rr^riL     Z:-.  _^-  .:      .:- 
trical  energy,  or  one  cod.or.:\j  :..-'•  :    ■-  i  :;■  cr.t  -. :  •_  j  __r :  v  - 
joule.    As  a  simple  num^-rioi*.  c:.  :.  : .,  rt  :m    -..--.  \i  i  :.—-.-: 
of  10 amperes  to  flow  for  5  se: I'r.d^.  \:.-z7.  v.^  \^ir  1  -    .:'  -.v.-r     • 
passing  through  the  circuit  would  z^  52  z:^..—'~.  l:  :  z    ■ 
ciinentwere  maintained  by  a  poter.riil  i:5=ri_-.:r  -.z  i  -..::.  _:.- 
amount  of  energy  expended  in  U'-i:  ±r.e  w:.-_li  le  ■  r  r^  =  „:,i 
joules. 

As  a  rule  we  wish  to  know  ±e  rj.v  a:  wi_-ji  v-.rc  j  •.»  - . 

done  in  any  circuit,  rather  ihm  :he  in:-j^:  wi  :-  .5  i:ri*    -    l 

given  time.     It  is  e\'ident  tha:  'Jiii  r2.:r  :2j:  il^i  :    ft  :'.'„-■:  ■ 

dividing  the  amount  of  work  v.-  ir.t  z. ..::.' kt  ::  -^'^.'^-^i  -j„i  -.-     - 

its  performance,  but  the  sa.T.e  re--I:  'jlt.  irt  irrr-  .i  iz  :    -.  .  . 

ing  together  the  potential  dintrrr.ce  ir.  i  v.-:  r.-.t  .c  ri_-.  -Tr'-.::-.-  .  - 

floff  of  electricitv.  in^tt-ad  ::  tr.t  zi'^r.  :•  :  -_.l-     -.-.•.  '^— --i       i 

given  time.     Now  the  rate  of  f.:w  cf  ■=!.-..'  .  "  .5  wl: 

as  the  current  strength, -Ah::  h  U  --^l:,:.:    -  1  :>.--. 

fore,  if  the  difference  of  :.-::-:r.::il  ir.  -.  :'.:•    r:*  .- -  i  - 

is  multiplied  by  the  rei'-!:lr.^-  currtr.:  _r.  i.  •  ;-•-     ■  -  ■  - 

the  rate  at  which  enerz;-  is  ">;;-j  •=.>;'  i::i.  ::  c.::  ■■  -, 

between  those  two  poir.:^.    The  u-.t  n:t  \z  --  .-.  -, 

kA piAvcr  is  called  the  u.--::.'  -that  :=  t:  5a     :  1."  :--;   r 

I  watt.    Therefore,  if  a  d::"::-:- :t  .f  :-:t::.--.-L  ::';-.  - 

the  ends  of  a  wire  rr.air.ta::.:  i  :_rrz.-_:  ::'  -  l*.  :-.-■_ 

of  working  is  3  x  20  =  vi  -i:t-- 

It  is  desirable  that  the  :•.--:.  .1  >.:- ..-.  ■■-,.-.:-  \\. 
trical  rates  of  work: nj  =r.  -! :  "c  --:,-  ....„  ';-_-,  - 
unit  is  termed  the  'z.'.r-^-'  \~ .-.  :-.  i  -.  ,:  ■-.  ■ 
working  which,  if  cor.tlr.u-:  :'::  .-t  -.  *  .  .  .  c  -  .. 
foot-pounds  of  enfcr_7.  '.r  r:.:t  ;"-.:-.:..■  _  .-.'.- 
One  horse-power  is  -j.-al  t:  7^-!    • :.  .  .: 

lated  the  number  cf  "satts  a '.:.:>..    ;    ■■      -.  l' 
dividing  this  nurr.bcr  hy  7-; C  -t  ..■-.•:.'■.    -    -  . 
Ijss of  energ)'.  c\:.re-:td  !r.  h.*  .--■.  ■  -: 
•s,  therefore,  freri'-er^t'.y  rt:'..-:!  :.  i   ■..-..-  v.    -  .-^ 
Subsc^^uen^  to  the  p^i-.*  hj  I-i-- .a.- :.■ :   .:'  v^  'r^:^  ti 
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Electrical  Enginetring  t 

the  Board  of  Trade  the  arbiters  of  the  destinies  of  electric  lightiai 
fionctrns,  a  larger  unit  of  electrical  power  has  come  into  use 
Is  soiuelimes   called  the  Board  of  Trade  unit  of  power  {but 
p.  615),  and  is  equal   to  1,000  watts,  or  the  power  expendedb 
1,000  amperes  at  a  poienliol  dilTerence  of  1  volt     A  cgnveiita 
name  for  this  unit  is  the  kilowatt. 

The  units  described  in  this  chapter  are  those  which  ar^  M 
which  will  continue  to  be,  employed  in  practice  by  the  dedi 
lighting  engineer.  No  effort  should  therefore  be  spared  tomV 
the  simple  relation  existing  between  the  ampere,  volt,  ohm,  honi 
power,  &C. 

But  it  is  advisable  to  know  the  method  by  which  the  varin 
electrical  units  have  been  evolved,  for  they  have  not  been  selectt 
arbitrarily,  like  the  pouad,  yard,  and  gallon,  but  are  built  up  C 
the  fundamental  conceptions  of  length,  time,  and  quantity  1 
matter,  and  are  inseparably  linked  together.  Perhaps  the  simple 
measurable  quantity  which  we  can  conceive  is  that  of  lenff 
and  in  deciding  upon  a  unit  of  length  an  effort  was  made  I 
select  some  unalterable  natural  distance.  The  length  of  an  cU 
quadrant^that  is,  the  distance  from  the  equator  to  the  po 
along  a  meridian — was  agreed  upon,  and  one  ten-miliionth  put 
this  taken  as  tlie  practical  standard  of  length,  and  called  a  med 
The  original  measurement  of  the  earth  quadrant  proved  to  been 
siderably  in  error,  and  consequently  the  simple  relation  hetim 
it  and  the  metre  was  upset.  But  the  metre  thus  determined 
retained  as  the  standard  of  length,  and  one  hundredth  part  of  tl 
length,  called  one  centimeire,  is  taken  as  the  basis  of  the  uni 
upon  which  the  system  now  to  he  brielly  described  has  bet 
reared.  A  square  centimetre  is  the  area  contained  in  a  sqiu 
each  of  whose  sides  is  one  centimetre,  and  a  cubic  centimetre 
the  volume  contained  in  a  cube  each  of  whose  edges  is  one  ceni 
metre  in  length. 

The  next  unk  required  is  that  of  mass,  or  quantity  of. 
and  it  should  be  remembered  that  the  force  of  gravity  acts  upi 
every  body  in  exact  proportion  to  its  mass,  or  the  quantity 
.matter  in  it,  independendy  of  its  size  ;  therefore,  what  we  kiu 
as  the  weight  of  any  substance  is  exactly  proportional  to  its  ma! 
ffhe  unit  of  mass  is  called  the  gramme.     It  is  equal  to  the 
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contained  in  a  cubic  centimetre  of  pure  water  at  its  maximum 
density,  i.e.  at  4°  Centigrade. 

The  third  unit,  that  of  time,  is  called  the  second.  It  is  the 
length  of  time  known  in  England  by  that  name,  and  is  the  86,400th 
part  of  a  mean  solar  day. 

The  great  value  of  a  system  built  upon  such  units  as  those 
described  is  that  it  is  always  possible  to  recover  any  one  of  them, 
and  so  reconstruct  or  verify  the  system  if  necessary,  although  the 
process  is  no  doubt  difficuh  and  tedious.  The  term  'absolute' 
has  been  applied  to  such  a  system,  but  it  is  not  easy  to  see  the 
precise  application  of  the  word  here.  It  is  usual,  and  certainly 
far  belter,  to  refer  to  it  as  the  centimetre -gramme-second,  or  the 
C.C.S.,  system. 

The  next  conception  in  order  of  simplicity,  is  that  of  the  rate 
at  which  a  mass  of  matter  changes  its  relative  position,  or  the 
vtrlocity  with  which  it  moves.  Velocity  is  estimated  by  dividing 
the  distance  in  centimetres  through  which  a  body  moves  by  the 
time  in  seconds  taken  to  travel  that  distance.  The  unit  is  a 
velocity  of  one  centimetre  per  second. 

A  mass  of  matter  cannot,  by  any  property  belonging  to  it, 
change  its  position  or  its  state  of  rest  or  motion,  by  itself.  That 
which  is  competent  to  move,  stop,  or  vary  the  motion  of  a  mass 
of  matter  is  called  force,  and  the  greater  the  force,  and  the  longer 
the  time  during  which  it  acts,  the  greater  will  be  the  increase  or 
decrease  in  the  velocity  of  a  given  mass.  The  unit  of  force  is 
called  the  dyne  ;  one  dyne  is  that  force  which,  by  acting  upon  a 
mass  of  one  gramme  during  one  second,  can  impart  to  it  a  velocity 
of  one  centimetre  per  second. 

When  the  position  of  a  body  is  changed  in  opposition  to  any 
resisting  force,  work  is  done  or  enei^y  expended,  the  amount  being 
i.iiiniated  by  multiplying  together  the  force  overcome  and  the 
dutance  through  which  it  is  overcome.  The  unit  of  work  is  called 
the  '  erg,'  and  is  that  work  done  when  a  force  of  one  dyne  is  over- 
come through  a  distance  of  one  centimetre ;  the  energy  expended 
is  in  every  case  equal  to  the  work  done,  therefore  the  erg  is  also 
the  unit  of  energy.  We  have  seen  that  the  practical  unit  of  work, 
or  cxjiendilure  of  energy,  is  the  Joule  ;  and  one  joule  is  equal  to 
ten  million  ergs.     Consequently,  the  practical  unit  of  power,  or 
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mte  of  doing  work,  called  the  vratt,  is  equivalent  to  ten  m 
er^  per  second. 

Current  strength  is  measured  by  the  quantity  of  elecirial 
which  flows  past  any  point  in  a  circuit  per  second.  The  unit  i 
that  current  strength  which,  when  one  centimetre  of  it 
that  is  to  say,  one  centimetre  of  the  conductor  carrj'ing  thecuiient- 
js  curved  into  an  arc  of  one  centimetre  radius,  exerts  a  force  rfo* 
dyne  upon  a  unit  magnet  pole  placed  at  its  centre.  The  c(0 
tions  of  this  unit  will,  however,  be  better  understood  after  B^ 
ing  Chapter  IV.  The  practical  unit  which  is  called  the  '«»(■ 
is  equal  to  one- tenth  of  this  so-called  "absolute"  udiL 

The  unit  quantity  of  electricity  is  that  quantity  conveyed  1 
unit  current  in  unit  time.  The  practical  unit,  the  couIomX  ■ 
therefore  also  one-tenth  of  the  absolute  uniL 

The  unit  difference  of  potential  between  two  points  exists  «l 
one  ei^  of  work  hns  lo  be  performed  in  urging  one  unit  of  d 
tricily  against  the  electric  force,  or  when  one  erg  is  expended  i 
the  flow  of  one  unit  of  electricity  from  one  point  to  the  other- 
volt  or  practical  unit  is  100,000,000  times  the  absolute  uniL 

Unit  resisLtnce  exists  when  unit  difference  of  potential  C3i 
unit  current  strength  lo  flow  through  it.  It  follows,  therefoi 
that  the  ohm  is  equal  to  1,000,000,000  absolute  units.  Thew 
which  chiefly  claim  our  attention  are  those  of  current,  qiun^ 
potential  difference,  and  resistance.  It  is  not  possible  tc 
an  invariable  physical  standard  of  either  of  these  except  ri 
which  fact  to  a  certain  extent  increases  the  importance  aliac 
to  the  unit  of  resistance.  As  has  been  pointed  out,  a  relint 
physical  standard,  in  the  form  of  a  column  of  mercury  of  a 
dimensions,  has  been  selected  to  represent  the  ohm. 


CHAPTER   III. 


PKIMARV   BATTERIES. 


Vbkent  of  electricity  can  be  maintained  in  a  number  of  ways. 
3ne  of  these  is  by  means  of  primary  cells.  A  primary  cell  con- 
iists  of  a  vessel  containing  a  saline  or  acidulated  solution,  in  which 
»rc  immersed  two  solid  conducting  bodies,  one  of  which  is  more 
issailable  than  the  other  by  the  liquid.  VViien  two  or  more  ceils 
ire  joined  together  to  increase  the  effect,  the  combination  is  known 
IS  a  battery. 

Primary  cells  can  be  divided  into  two  classes,  viz.  (a)  single- 
fluid,  or  those  in  which  only  one  solution  is  used,  and  (/')  double- 
fluid,  or  those  in  which  two  solutions  f\q.ii. 
ire  employed. 

The  single-fluid  cells  are  typified 
by  the '  simple  cell,'  which  was  referred 
Co  on  page  2,  and  which  consists  of 
a  glass  or  earthenware  vessel  (flg.  11) 
nearly  filled  with  water  acidulated  with 
a  small  proportion  of,  say,  sulphuric 
otid,  and  containing  a  piece  of  zinc,  a, 
and  a  piece  of  copper,  B.  On  connect- 
ing tlie  plates  by  a  piece  of  wire,  c'  c,  ~ 
and  thereby  causing  the  current  to  9ow,  the  surface  of  the  zinc 
is  attacked  and  sulphate  of  zinc  is  formed,  hydrogen  gas  being 
Liberated  at  the  surface  of  the  plate  b 


I 


This  reaction  may  be  represented  by  an  equation,  thus  ;- 


Zn    + 


H, 


No  chemical  effect  whatever  is  produced  on  the  surface  of  the 
plate  B,  and  it  may  here  be  noticed  that  tlie  plate  which  is  more 


i 
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or  less  dissolved,  is  called  the  positive  plate,  theolhor  being  calli 

1  the  n^ative  plnte.    Chemical  action  may  be  StU^iposed  to  tal 

r  place  throughout  the  entire  length  of  the  liquid  or  the  distai» 

I   between  the  plates,  but  it  is  not  uianifesC  except  at  the  surfaces 

r  the  plates,  and,  for  convenience'  sake,  it  may  be  said  to  commenc 

I  at  the  positive  plate — that  is  tb  say,  the  acid  particles, 

'  correctly  speaking,  molecules  in  contact  with  the  zinc  plate  mi 

be  assumed   to   be  the  first    decomposed,    the    hydrogen   ihi 

liberated  attacking  the  next  succeeding  acid  molecules  in  a 

manner.     Hydrogen  is  again  liberated,  which  again  in  its  tui 

decomiMses  the  adjacent  acid  molecules.    A  series  of  decoi 

positions  and  recom  posit  ions  is  thus  propagated  throughout  tl 

eniire  liquid  by  a  process  of  repetition,  molecule  for  molecu] 

resulting  finally  in  the  deposition  of  the  free  hydrogen  on  t) 

copper  or  negative  plate.    As  tiie  hydrogen  thus  deposited  do 

not  enter  directly  into  chemical  union  with  any  of  the  simp 

meUtls,  it  remains  in  the  gaseous  state.    The  resultant  chang 

present  the  appearance  of  the  acid  alone  being  affected,  while  tl 

water  remains  constant  and   unchanged.    The  action  may  1 

expressed  in  chemical  fonnulie,  thus  : — 

Before  action. 
I  SO,Hg  SO,H,  SO,H,  SO.H,  SO^ 

Zinc  «  +  CoHiei  at  — 

In  action. 

[so;  h;so;  h^so;  h^so;  h^so;  hti 

Zinc  w  ^  Copper  or  * 

The  hydrogen  is  here  released  in  a  definite  ratio  to  the  amoti] 

of  zinc  dissolved.     In  fact,  we  may  take  it  as  an  established  li 

that  the  ratio  between  the  weight  of  zinc  dissolved  and  that 

the  hydrogen,  &c.,  released  by  the  passage   of  the  current 

invariable,  and  that  this  ratio  is  dependent  upon  their  respecii' 

electro-chemical  equivalents. 

H^  We  see  by  the  above  equation  that  for  every  atom  or  equii 

^H     lent  of  zinc  dissolved  or  converted   into   sulphate   of  zinc, 

^P    atoms  of  hydrogen  are  liberated.    An  atom  may  be  defined  as 

^^^"lallest  possible  quantity  of  any  substance  capable  of  enti 

^^V  or  passing  out  of  combination  ;    and  it  will  be 
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refisring  to  the  Bccompanying  table  of  atomic  weights,  or  of  the 
leladve  weights  of  individiial  atoms  of  some  of  the  more  important 
snbstutcea^  tiiat  an  atom  of  hydrogen  weighs  less  than  one  of  any 
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ELECTSO  POHTIVB. 

SSK: 

H' 

39  ■04 

39  "04 

■0.038+ 
■40539 

SodiBm 

Nai 

Alnmininn. 

Al> 

3T3 

9-1 

139449 

M.KBtdnm 

Au' 

11-97 

■,a,30 

Gold    . 

J963 

6S--t 

■679" 

saw. 

Ag' 

107-66 

107-66 

I'liBoo 

Copper  (Qinri:) 

Cu' 

63- 

31 'S 

■31709 

Cu' 
Hg' 

199-8 

63- 

■65419 
1-03740 

„          Mercurous)  . 

Hg- 

■99 '8 

199-8 

Tin  (Staniuc)       .        . 

Sti* 

,i^-a 

ao-45 

■30531 

^Is.^^)  .      . 

Sn' 

1.7-8 

58-9 

-61.6a 

„    (Fcmnu)     . 

Fe' 

SS'9 

.8-64 

■19356 

Fb' 

az-gs 

■3903s 

Nidud                 .        . 

Ni' 

5B« 

29-3 

■3<'-l"5 

Zinc    ...        . 

Zn' 

33-5 

■33696 

Lew)   .        .        .        . 

Pb» 

ao6-4 

103 -a 

I-S7160 
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SssSe  :   :    : 

O' 

a" 

15-96 
35-37 

7-98 
35  37 

■oBaSS 
■3&7a8 

Iodine         .        .        . 

11 

"i-S3 

"6  S3 

"■3'390 

Bfi 

79  75 

-BafltJ 

Nitrogen      .         .         . 

jji 

U-or 

4-t7 

■04149 

It  is  in  consequence  of  this  fact  that  hydri^en  is  taken  as  the 
standard  in  calculating  the  atomic  weights  of  the  various  simple 
or  elementary  bodies.  It  will  also  be  observed  that  an  atom  ot 
n'nc  weighs  sixty-five  times  as  much  as  an  atom  of  hydrogen. 
The  meaning  of  the  equation,  therefore,  is  that  for  every  sixty-five 
parts  by  weight  of  zinc  dissolved,  two  parts  by  weight  of  hydrogen 
are  liberated  ;  consequently,  if  we  again  regard  the  relative  (k;>o- 
tition  of  hydn^en  as  the  standard,  the  weight  of  zinc  dis^iolvcd  will 
be  32*5  times  as  much,  or,  in  other  words,  the  electro-riiomical 
eqnmlentof  hydrogen  being  unity,  that  of  zinc  is  32'5.    Thecqui- 


cooditioa  ua: 


EJlitritml  E^imecrutg  rair  tn. 

I  Eo  the  Bhle 

Tic  giMrf  hylre^e^^  m  tawaequenoe  of  lis  lov  spline 
gBritjt,  "**^'  a  tendmry  to  nx  tfaroii^  ibe  water  and  esae^ 
imo  the  im,  Odrf  s  ponioB,  howet'cr.  of  tbe  gas  escapes  in 
"  ~     *    !  to  ^X  copper  plate  ind 

tbe  metaUk  sur&ct 
Umi  «Mi—lilinii,  doe  to  a  cuierf  of  canscs,  »  facilttatcd  br  iht 
oppoaite  pnhrififi  oc  etearical  caoditkms  of  tbe  coppt?  sod 
bfdnsEfi  wlikb  CMfse  a  Bona]  annctim  to  set  in.  That  b  j 
dctifalc  cflect  of  Ibe  acfiPHhtiop  ^licfa  soon  becomes  appanm, 
lor  a  padoal  diraiinitkxi  in  Ibe  ctnrent  sets  in,  consequent  first  oa 
the  decrease  in  dx  copper  sai&cc  exposed  to  tbe  liquid  (wliidi 
ioTotrcs  a  proportiooal  increase  in  the  internal  resistance  of  tht 
cA),  and,  iCcoodljr,  on  tbe  tendency  on  ihe  pan  of  the  posiljitl; 
dectriAed  hydrogen  fibn  to  set  up  a  contrary  current.  Free 
hjrdrogen  is,  in  (act,  more  positire  than  the  zinc  itselC  liVhen  ihij 
ived  at,  ibe  cell  is  said  to  Ik  polarised.  The  effed 
of  the  parage  of  a  current*  being,  therefore,  i 
reduction  of  ihe  electro-motive  force  of  itic 
cell,  such  a  combination  is.  manifestly  useless 
for  purposes  requiringa  continuous  and  uniform 

To  overcotne  this  really  strong  objection 
Smee  constructed  a  cell  (fig.  i  a),  the  peculJarin 
of  which  consisted  in  the  nature  of  the  surface 
of  the  negative  pbte.  It  had  been  ascertained 
that  a  smooth  surface  engenders  a  much  more 
rapid  accumulation  of  hydrogen  than  dixs  i 
roughened  surface.  Accordingly,  he  tised  for 
his  negative  plate  a  thin  sheet  of  silver  covered 
with  piaiiinim  in  a  slate  of  very  fine  division,  so  that  an  trrcguk 
Burfnce  was  produced.  So  treated  the  plate  is  known  as  plaiintset.d 
silver.  There  are  two  zinc  plates  connected  to  the  same  termiii ' 
but  plnced  one  on  each  side  of  the  silver,  die  solution  beinj;  t-|i 
acid  to  lo  of  water.  This  cell,  which  is  still  largely  i 
considerably  more  lasting  than  the  simple  cell ;  the  unevennes 
negative  surface  facilitates  the  ascension  of  tbe  hyt 
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pairddes  more  nearly  in  proportion  to  the  rate  of  production.  It 
has  ahto  a  higher  electro-motive  force  because  of  the  substitution 
for  copper  of  a  more  electro-n^ative  plate.  This  form  of  battery 
IS  nsefiil  ndiere  currents  are  required  for  brief  periods,  but  it  is  far 
from  being  a  constant  cell,  that  is,  one  which  yields  a  continuous 
and  umfifrm  current  When,  however,  the  cell  is  put  together  of 
aboonEnally  laige  proportions,  it  approximates  more  nearly  to  the 
condition  of  a  constant  cell,  and  is  used  as  such  by  many  electro- 
platers. 

The  Smee  cell  is  capable  of*  being  manufactured  in  a  very 
compact  form.  The  silver  foil  is  fixed  in  a  frame  made  by  fasten- 
ing txigether  four  pieces  of  wood  about  half  an  inch  square  in 
section,  the  upper  edge  of  the  foil  being  connected  to  a  brass 
terminal  on  the  top  of  the  frame.  The  plates  of  zinc,  a  trifle 
larger  than  the  foil,  are  placed  against  the  two  sides  of  the  frame 
and  all  three  are  then  clamped  together  by  a  strong  brass  terminal 
or  damp  which  is  placed  in  contact  with  the  zincs.  The  ad- 
vantage gained  by  this  form  of  construction  is  that  the  internal 
resistance  of  the  cell  is  very  low ;  first,  because  the  two  zinc  plates 
are  oipposaXe  to  the  two  sides  of  the  foil,  and,  secondly,  because 
the  distance  between  the  foil  and  the  zincs  is  very  small.  The 
wooden  firame  is  necessary,  to  support  the  thin  silver  foil  and  to 
prevent  it  touching  either  of  the  zinc  plates.  Were  there  any 
other  simple  means  of  preventing  this  contact,  the  frame  might 
be  dispensed  with. 

There  is  in  use  at  the  Royal  Observatory  at  Greenwich  a 
remarkably  simple  and  useful  modification  of  the  Smee  cell.  It 
consists  of  a  plate  of  zinc  and  a  plate  of  platinized  carbon,  the 
upper  portion  of  which  is  rendered  non-porous  by  immersion  in 
hot  paraffin  wax.  The  solution  is  one  of  dilute  sulphuric  acid,  the 
add  being,  however,  very  pure.  The  hydrogen  biii)])lc.s  can  be 
seen  rising  freely  through  the  solution,  instead  of  adhering  to  the 
uneven  surface  of  the  negative  plate.  The  resistance  of  the  cell  is 
very  low,  and  its  electro-motive  force,  after  a  few  minutes,  remains 
steady  at  about  half  a  volt. 

A  for  more  important  cell  than  the  Smee  is  the  Lcrlanche  (fig. 
13X  in  which  a  zinc  rod,  z,  is  used  as  the  positive  plate,  while  the 
n^;ative  plate  c  takes  the  form  of  a  rod  or  slab  of  gas  cari)on,  or 
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of  prepared  carbon.     The  gas  carbon  is  one  of  the  by-products  in 
the  manufacture  of  gas,  and  is  formed  by  llie  condensation  of  a 
portion  of  the  carbon  in  the  cooler  portions  of  the  retort.    Ths 
p,5^ ,,  prepared  carbon  is  oiade  by  sub- 

jecting to  considerable  pressure, 
at  2  high  temperature,  a  mixtuit 
of  powdered  caibon  and  some 
ireacly  substance  which  is  em- 
ployed for  cementing  the  caibon 
particles.  The  carbon  plate  is 
placed  inside  a  vessel  of  porous 
(unglazed)  earthenware,  which  is 
then  filled  with  a  mixture  of 
crushed,  but  not  powdered,  carbon 
and  black  oxide  of  manganest 
The  latter  should  be  of  the '  needle' 
or  granular  form,  care  being  takt-ii 
to  exclude  powder  or  dust.  Tiie 
outer  vessel,  g,  isgenerally  of  gb?. 
which  enables  the  condition  of  the 
cdl  to  be  observed  without  remor- 
ing  any  of  the  parts.  The  liqmd 
consists  of  a  saturated  solution  of  sal-ammoniac,  or  chloride  of 
ammonium,  the  porosity  of  [he  inner  jar  allowing  the  solution  ;d 
diffuse  itself  somewhat  freely,  and  so  to  moisten  the  mixture  d 
carbon  and  black  oxide. 

The  zinc  combines  with  the  chlorine  of  the  sal-ammonia<; 
forming  zinc  chloride,  simultaneously  releasing  hydrogen  and 
ammonia,  which  latter  dissolves  in  the  water  until  a  saturMcd 
solution  is  obtained — that  is  to  say,  until  the  solution  holds  u 
much  as  it  can  support — after  which  it  escapes  as  a  gas  readily 
recognised  by  its  characteristic  odour.  It  may,  however,  k 
remarked  that  water  is  not  saturated  with  ammonia  until  it  h« 
absorbed  727  times  its  volume  of  the  gas  at  a  temperature  of 
'5'5°  C.  or  60°  F.  The  hydrogen,  so  far,  remains  free,  as  shorn 
by  the  equation  ; — 


Zn  +   3NH,C1  =  ZnCl,  +   jNH,    + 
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It  is,  however,  ultimately  lekased  inside  the  inner  vessel,  and 
there  it  dcpri\-es  the  manganic  oxide  of  some  of  its  oxygen,  forming 
vatcr  and  sesquj-oxide  of  manganese,  tlius  : — 

H,   +  aMnO,  =  OH,   +   MnjO, 


The  entire  artion  may  be  represented  by  a  sini^le  equaliun, 
thus  : — 

Zn  +  2NH,a+2MnO,=ZnCl.i  +  2NHs+OH,  +  MnjOs. 

The  action  so  represented  is,  of  course,  similar  to  that  of  the 
umple  cell  or  the  Sraee,  tn  so  lar  as  concerns  the  propagation  of 
the  series  of  decompositions  and  recompositions.  There  is,  how- 
c\'cr,  a  subsequent  or  secondary'  reaction  between  the  zinc  chloride 
and  the  other  constituents  of  the  solution,  resulting  in  the  fonna- 
iiun  of  what  are  called  double  salts,  which  tend  to  impede  the 
efficient  working  of  the  cell. 

One  great  advantage  this  battery  has  over  most,  if  not  all  Other 
fomis,  is  that  it  does  not  in  any  way  deteriorate  by  inactivity, 
unless  the  evaporation  of  the  water  can  be  regarded  in  this  light, 
\  ii.n  e\-en  that  may  be  prevented.     It  is  no  unusual  experience  for 

■  .:<:%&  cells  to  remain  in  work  for  upwards  of  a  year  without  the 
,  -jessity  for  any  attention  whatever,  and  even  then  it  is  probable 

■  ii.ii  a  jug  of  water  is  all  thai  is  required.     It  will  be  seen,  from  a 

iidy  of  the  equations  given  above,  thai  the  working  of  the 
'littery  results  in  the  gradual  absorption  of  the  zinc,  and  the 
':._k.omposition  of  the  sal-ammoniac,  &c.,  which  accordingly  require 
iLi'lenishing  al  limes.  A  whitish -yellow  turbidity  in  the  solution 
;  idicales  the  presence  of  an  excessive  amount  of  zinc  chloride  in 
proportion  to  the  amount  of  sal-ammoniac,  which  latter  should 
Q  be  increased,  although  it  would  be  as  well  to  remove  a  por- 
D  of  the  solution  and  then  liU  up  with  water  before  adding  the 

tnmoniac. 

[  Considerable  care  is  taVen  in  the  construction  of  this  cell.   As 

\  sal-ammoniac  and  ammonia  are  corrosive  and  attack  copper, 

i,  &c.,  all  the  exposed  metallic  surfaces  shouM  be  well  served 

h  gutta-iiercha,  pitch,  [xirallin  wax,  or  some  other  non-corrosive 

d  tmper\-ious  materiaL 


so 
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Where  the  baticries  are  made  in  very  lai^e  quantities,  it  is  ti 
practice  to  drill  two  small  holes  through  the  upper  exucmitics  c 
the  carbons,  and,  after  raising  these  ends  lo  a  high  teinpeiaturl 
lo  dip  them  into  melted  parafiin  wax.  They  are  subsequeiitt 
plated  into  a  mould  containing  mollen  lead,  a  terminal  or  bindii^ 
screw  being  cast  into  thb  leaden  cap  at  the  same  time.  ""' 
function  of  the  wax  is  to  close  the  pores  in  the  upper  portion  q 
ihe  carbon,  and  so  lo  prevent  the  aminoniacal  solution  fwt 
creeping  up  to  the  terminal  or  leaden  cap.  Lead  is  uiterpcn 
between  the  waxed  carbon  and  the  brass  terminal  because  it  Isd 
least  assailable  of  the  ordinary  metals.  Pilch  is  run  over  tli 
carbon-manganese  mixture  to  keep  the  mixture  and  the  carbo 
rod  in  position,  and  to  form  an  impervious  covering,  holes  beifl 
made  in  it,  however,  to  permit  any  hydrogen  ot  other  gases  ihl 
may  be  formed  to  escape.  The  upper  parts  of  the  porous  pO 
and  the  zinc  rod  and  the  connections,  are  likewise  coated  wit 
pitch.  Sometimes  an  india-rubber  cover  is  made  to  fit  over  tl 
top  of  the  battery,  so  as  to  hold  the  porous  pot  and  the  zinc  pe 
nianently  in  pt>sition,  and  to  prevent  the  evaporation  of  the  watc 
The  electro- motive  force  of  this  battery  is  nearly  twice  thati 
the  Smee,  while,  owing  to  the  large  surface  exposed,  more  p; 
ticulariy  at  the  negative  plate,  the  internal  resistance  is  also  lo 
The  cell  is,  however,  only  useful  for  sending  occasional  or  inli 
mittent  currents,  such  as  are  reqm'red  in  electric -beL  work- 
fact,  the  chief  objection  to  this  battery  is  the  great  rapidity  wil 
which  it  polarises  and  so  becomes  temporarily  useless,  owii 
probably  to  the  fact  that  hydrogen  is  liberated  faster  than  li 
manganic  oxide  can  be  decomposed.  Consequently,  a  more  i 
less  perfect  film  of  hydrogen  is  deposited  over  the  sur&ce  of  l] 
carbon.  That  this  is  the  case  is  in  a  measure  demonstr&U 
by  the  fact  that  if  the  cell  is  allowed  to  stand  idle  for  a  brif 
interval  of  time  it  will  again  yield  its  full  current  This  inte 
mittent  action  obviously  limits  very  materially  the  cell's  sphere  i 
usefulness.  The  defect,  although  very  marked  when  the  resistaiM 
of  the  circuit  is  very  low,  is  reduced  to  a  minimum  when  til 
resistance  is  high,  because  the  current  is  then  feeble  and  ll 
icmical  reactions  proportionately  less.  The  fact  that  the  cfli 
s  of  the  cell  remain  iiiactive  when  the  cell  is  idle,  is  a  pofi 
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of  very  considerable  importance,  and  is  a  very  useful  feature,  for 

it  means  that  there  is  no  wasteful  action  in  the  battery,  such  as 

we  shall  find  there  is  in  practically  every  other  type  of  battery— at 

least,  in  every  battery  in  which  an  acid  plays  a  part.     Cleanliness 

is,  however,  absolutely  necessary  in  dealing  with  the  Leclanch^, 

or,  indeed,  \;ith  any  other  form  of  battery,  and  it  is  essential  that 

the  containing  vessel,  whether  of  glass  or  earthenware,  should  be 

kept  dry  externally,    The  latter  desideratum  is  usually  accomplished 

by  coaling  the  upper  portion  of  the  outer  surface  of  the  vessel 

with  pitch  or  some  other  such  substance  as  will  not  perniit  the 

liquid  to  'creep'  over  its  surface,  for  the  salt  (sal-ammoniac)  has 

a  strong  tendency  to  crystallise  out.      Should  the  solution  be 

lowed  to  creep,  we  have  to  contend  not  only  with  the  waste  of 

so  occasioned,  but  also  with  the  '  leakage '  of  electricity  that 

lid  take  place  over  the  moistened  external  surface. 

There  is  a  modification  of  the  Leclanchti  which  is  of  some 

irtance  and  which  is  known  as  the  '  agglomerate  '  Leclanch^. 

le  negative  element  consists  of  a  carbon  plate  or  block,  having 

contact  with  it  blocks  of  agglomerated  carbon  and  manganese. 

latter  are  prepared  by  intimately  mixing  40  parts  of  man- 

lic  oxide,  55  parts  of  gas  carbon,  and  5  parts  of  gum  lac  rcsJn, 

'  submitting  the  mixture,  placed  in  a  steel  mould,  to  a  tcmpera- 

of  100°  C,  applying  at  the  same  time  considerable  hydraulic 

pressure.     The  result  is  a  solid  compact  mass,  and,  as  the  chief 

function  of  the  porous  pot  in  the  older  tjpe  is  to  support  the 

Lture  of  crushed  carbon  and  manganic  oxide,  it  is  apparent 

that  vessel,  which  materially  increases  the  internal  resistance 

the  cell,  can  be  dispensed  with.     India-rubber  bands  placed 

;nd  the  agglomerated  blocks  (which  in  their  turn  embrace  the 

carbon  block),  keep  the  whole  of  the  compound  negative  element 

lijgclher.     In  the  earlier  forms  of  agglomerate  cell,   rectangul; 

blocks  of  agglomerated  manganic  oxide  and  carbon   were  held 

against  the  two  faces  of  a  flat  plate  or  block  of  carbon,  and  the 

india-rubber  bands  holding  the  three  blocks  together  were  specially 

made  so  as  to  hold  also  llic  ^inc  rod,  which  was  of  the  usual  type. 

But  a  much    belter    form   is    that  known  as  the  6-block 

glomerate  (see  fig.  14),  which  is  very  extensively  used.     The 

ilcmtnt  consists  of  a  block  of  carbon  with  six  fluted  sides, 
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wliich  is  capped  with  lead  and  fitted  wiih  a  terminal  after  the  lop 
of  it  has  been  steeped  in  hot  paraffin  wax.  In  each  of  the  siJk 
is  laid  a  round  stick  of  the  agglomerated  carbon  and  niangwic 
oxide,  the  whole  being  wrappid 
round  with  a  piece  of  cxmn 
canvas,  and  held  in  position  by 
a  couple  of  stout  india-njbbn 
bands.  The  canvas  does  noi, 
of  course,  prevent  intimate  con- 
tact between  the  rods  and  itk 
solution,  nor  does  it  appreciaLI)' 
increase  the  internal  lesistaOL^ 
of  the  cell,  its  function  btJn; 
simply  lo  prevent  pieces  of  tlic 
agglomerate  rods  falling  out  ina 
'  short-circuiting '  the  cell,  U 
joining  the  positive  and  negainf 
elements  together.  Instead  i.i 
employing  a  zinc  rod  for  iht 
|:ositive  element,  a  lai^e  piece 
ahcct  zinc  (about  ^  inch  ihiil 
IS  rolled  into  a  cylinder,  ihc 
proaching  edges  beiii&  hi 
kept  a  quaner  ot  an  inch  or  so  apart  to  allow  of  the  free  cii 
lion  of  the  solution.  In  consequence  of  the  very  large 
the  amount  oi  surface  thus  exposed  to  the  liquid,  the  ii 
resistance  is  very  considerably  reduced,  polarisation  being  also 
a  great  extent  prevented  or  at  least  impeded.  'ITie  curreni  pto 
duced  is  much  more  uniform  than  that  from  the  old  type  1* 
clinch^.  Asamatterof  fact,  when  employed  uponcircuiisoffcrir: 
high  resistance,  an  almost  constant  current  is  produced,  ani  ;i 
the  cell  is  pre-eminently  a  clean  one,  as  the  cost  of  mainteiiamr 
is  very  low,  and  as  there  is  a  total  absence  of  wasteful  action  nbo 
the  cell  is  idle,  it  is  rapidly  gaining  ground  and  driving  out  of  ibt 
market  many  other  types  of  ceil,  such  as  the  Daniell  and  (tu 
Bichromate  (to  be  presently  described).  In  fact,  for 
work  on  circuits  of  high  resistance,  or  even  for  hard  but 
iltent  work  on  circuits  of  low  resistance,  we  know  of  few,  if  i 
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ceedingly  unifonn,  providing  only  a  high  external  resistance,  not 
less  than  i,ooo  ohms,  is  employed.  If  the  resistance  of  the 
circuit  is  low,  the  current  becomes  proportionally  strong.  The 
r  mercury  salt  is  not  then  capable  of  being  decomposed  at  a  cone- 
■iqKinding  rate,  whence  polarisation  sets  in  and  the  electro-motivt 
force  falls  in  consequence.  The  electro -motive  force 
also  decreases  with  an  increase  of  temperature,  the 
rate  being  about  o'oS  per  cenL  per  degree  Centi- 
grade. 

The  commercial  form  of  Clark  cell  constractel 
after  the  plan  of  Dr.  Muirhead  is  illustrated  in  fi^ 
i6.     Instead   of    using  a   layer   of   mercuiy,  the 
.^,  platinum   electrode   a,  fused    through    the    glaa- 

mRM^       containing  vessel,  is  made  of  a  long  piece  of  wire 
'^  which  is  coiled  into  a  close  flat  spiral  and  coated ' 

with  mercury,  either  by  heating  and  then  immersing  it  i 
cury  bath,  or  by  heating  the  mercury  and  the  platinum  togelha. 
The  spiral  is  then  embedded  in  the  paste,  composed  of  pure 
P,Q  mercurous  sulphate  and  a  satu- 

rated solution  of  pure  z" 
phate,  /.  The  pure  zinc  rod,  I, 
is  dipped  into  the  paste,  and  i 
cement  stopper,  r,  holds  tte 
whole  firmly  together,  so  that 
the  cell  is  made  more  portable 
than  that  shown  in  fig.  15.  which 
has  the  disadvantage  that  the 
constituents  of  the  cell  are  liaWe 
to  become  mixed  if  it  is  Dot 
used  very  carefully.  The  mer- 
:ury  deposited  on  the  platinun 
;  spiral  is  sufficient  to  form  the 
ative  element  or  '  plate,'  « 
that  a  layer  of  mercury  is  Dot 
really  necessary. 

Fig.  17   shows   the  method 

E ployed  lor  casing  in.    A  cylindrical  brass  case  with  an  ebomie 
•er  is  used,  and  contains  two  cells  which  can  be  balanced  cme 
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ma.  the  other  to  te«:  ■■■:;t  — l^r-i 
eycanbeujed  wgeThvr  s.-j:  fT:  i  i  , 
thcnnomeier  is  Mk^'^^s  -.'"■'  '.ii.  ■>.■: 
e  tube  beM  *o  aj  lo  '..-i  ■I'r-T-r.-t  ■fZ.'z 
1  important,  th':'-zh  =:~-'i  ■.--■:—.-■-. 
ice  of  an  error  c.ie  :j  a  '•■^"".  V  ".:'.':-.-, 
The  only  other  forr.  :f  ;■.-_■■;-■:.■: 
otke  is  that  in  wh::r.  i  v.;-::'-.  -" 
mjiloyed,  and  which  is  ger.^ni'.T  m-is  .r 
lL%Tam  (fij.  i  S).  It  cc.r.»:*^j  zi  i.-.  i,:  =,— ^ 
[lUiei  (alnaj-s  one  mirs  ■:£  rzr.f.r.  :■_;.-  :' 
placed  in  a  glass  vessel  cir.U- :::.-;  u-t  ;■• 
The  carljons  are  a",  zar.r.irr.fi  -r-.r.  ■-.a  -.i 
so  15  to  give  a  hrje  r.-tpr:.-*  Tir.ir.t. 
the  lines  wiih  another:;  .-.y.^i.  -ir^-t  z 
surface  10  the  so'urlor.  Ir.  —■-.••z  -jjs;  -_-j 
arc atianhed  to  a  meu'  -I'i  j.  V-.:.-.i.  ;! 
hnle  in  the  cover,  so  ".'r^:  "t  rLrrr  v.'t '. 
p'siescan  be  reacitj- rtr.:--;-;  r-:—  'i:-. 
and  the  wasteful  c^.r.Tirz-v.'-.T.  ::' i-.e  r- 
li:chromate  of  po::Lih  ■»!'.::!■.  v.-;'i  ;■■ 
lalu;pbre  when  the  c-;ll :-  :;!i  -rt^t-'i-i. 

The  solution  ccr.-'i".-  ',:  :  t.:~  ■- 
•■f  Wchmmatf  of  r-i'ii.-;'-.  2  -ir-  .i  .  ■ 
phuricadd  (of  i-s\:-.-:  r1:  _-■.-:;  :.-  : 
The  l.irhr(.ina:c  c:  ;■.■.:-:-.':=  '.'-.  z  . 
sloirly  to  the  ar-.ti,  r.:rr.r:  i'".  :>.:  -- 
khrnmatc  of  piu-h  i-;^  '.'-:■-:  i-- 
I'tiu-,  which  pre-. i:j:i:.:-::5  in  i '.-.-i-v:..  -. 
cliemi'al  reactioris  !.-,-:r.z  ir.;:-^!^';  ''7  v.-i 


K,Cr,0,  +  ;SO.H, 


aC:^'. 


rfj-iJiS. 


Water  is  then  ^iz-ii  i.^s 
i"<i  the  chromic  arh -■ir'i-;  ■: 
ii-id  (H.CrO.)  by  ".he  a:>v>r:.:. 
iiting  Lakcn  up.  with  the  i:^.::.; 
wlphuric  acid  and  w.itiir— vi 
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amount  of  heat.  The  energy  with  which  the  acid  unites  with  ihe 
water  is  very  great,  and  it  is  this  that  necessitates  the  slow  additiun 
of  the  latter.  If  poured  on  too  abruptly  there  is  considentilc 
danger  of  the  mixture  being  ejected  from  the  vessel  and  scatlercd 
about  the  person  or  on  anything  that  may  be  near.  As  the  arid 
is  exceidingly  corrosive,  it  is  impossible  to  take  too  much  pre- 
caution when  adding  the  water.  In  ordinary  cases  where  the  acid 
and  water  are  to  be  mixed  it  is  by  far  the  safer  plan  to  add  the 
acid  to  the  water,  as  the  former  will  then  find  plenty  of  the  latier 
to  satisfy  its  almost  insatiable  thirst 

Wlien  the  solution  of  the  crystals  is  completed  and  when  the 
liquid  has  cooled  down  to  the  ordinary  temperature,  it  is  ready 
for  use.  On  completing  the  circuit  and  allowing  the  current  W 
flow,  the  zinc  is  dissolved,  forming  zinc  sulphate,  and  the  chromic 
acid  is  converted  into  chromic  sulphate,  water  being  liberated 
The  reaction  may  be  expressed  by  the  equation  : — 


This  battery  has  a  high  electro -motive  force,  while  its  resistancf 
is  very  low.  It  yields,  therefore,  a  considerable  current,  which 
does  not,  however,  last  long,  r.irely  more  than  an  hour  or  so, 
because  of  the  rapidity  with  which  the  cell  becomes  polariwi 
On  the  other  hand,  when  only  used  occasionally,  the  same  soluiiw 
will  last  for  a  very  long  time.  As  there  is  a  tendency,  by  serondiry 
chemical  reactions  taking  place  between  the  various  constimenis 
of  the  cell,  to  form  hard  crj'stalsof  a  double  salt  (known  as  chrome 
alum)  which  at  times  cause  a  fracture  of  the  jar,  it  is  advisable  (o 
avoid  square  or  flat  cells  for  this  battery.  As  we  shall  prcsenciv 
see,  a  modification  is  extensively  used  on  account  of  its  high 
electro -motive  force,  its  low  internal  resistance,  and  its  apprao- 
mation  to  constancy. 

We  come  now  to  consider  the  double-liquid  batteries,  lis 
great  aim  of  which  is  to  obtain  constancy,  even  if  at  the  loss  of  t 
little  power.  The  chief  obstacle  to  constancy,  we  have  seen,  is  tk 
accumulation  of  hydrogen  on  the  negative  surface,  which  hydrogen 
—lust  therefore  be  absorbed.  Daiiiell,  in  1836,  was  the  fit^  10 
'  leve  this  object,  which  he  did  by  using  a  metallic  salt  in  the 
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copper,  wliiclt  forms  itself  into  nuggets  in  tlie  pyrL-s  of  ihe  earthen- 
ware and  frequently  chip  or  even  completely  fracture  iL 

The  zinc  should  be  pure,  or  as  nearly  so  as  it  can  be  obtained. 

Chemically  pure  zinc,  however,  is  manufactured  with  great  difE- 

'  'y,    and   is  consequently  very  expensive.      The   presence  of 

i,L;n  matter  is,  nevertheless,  a  very  great  deterrent  to  the  good 

I  king  of  the  cell,  for  it  must  be  remembered  that  the  presence 

I  solution  of  two  metals  in  contict  or  otherwise  electrically 

;;i,eted,  always  results  in  the  production  of  electrical  currents. 

;  I  iL-refore,  there  are  particles  of  foreign  metals  mixed  up  with 

;inc  there  necessarily  occurs  local  currents  which  act  disad- 

Mfjeously  in  at  least  two  ways^first  by  w.isting  the  zinc,  and 

iidly  by  weakening  the  main  current     As  zinc  is  positive  to 

•^.^fj   available  substance  (the  only  metals  positive  to  it  being 

potassium  and  sodium,  which,  on  account  of  their  extreme  affinity 

^w  water,  are  never  employed  for  battery  purposes),  the  admixture 

pt   particles,  say,  of  iron,  tin,  or  arsenic,  causes  small  currents  to 

I V  1.1  from  the  dnc  to  these  panicles,  and  while  the  imiiurities 

L.un  to  a  great  extent  unaffected  (because  of  their  being  the 

..itive  element),  the  zinc  is  constantly  suffering  a  loss  by  con- 

.-lunplion  or  conversion  into  a  salt.     These  minute  currents  are 

luniienuorc  produced  on  the  surface  of  the  zinc,  and  must,  as 

an  e.ady  mentioned,  interfere  considerably  with  the  production  of 

tiie  primary  current.     The  difficulties  arismg  from  the  presence  of 

impurities  are  also  increased  if  the  zinc  is  imperfectly  or  im- 

l>r>i|H;rly    manufactured.      The    molecular    arrangement   (or   the 

ii  l.iiive  [Kjsition  of  the  molecules)  must  be  homogeneous  through- 

1  the  surfaces  of  each  plate,  otherwise  currents  will  be  set  up 

;  i-,een  tlie  softer  and  harder  {.larts  of  the  zinc-  in  a  word,  they 

•  -ess  opposite  electrical  properties,  so  that  even  if  chemically  pure 

■L   were  procured,  it  would  not  follow  as  a  matter  of  course  that 

-houJd  be  secured  against  this  source  of  wasteful  local  action. 

ncentiated  sulphuric  acid  has,  it  may  be  mentioned,  no  effect 

:.  |iure  zinc  provided  it  is  properly  annealed— that  is  to  say,  that 

■.   surfaces  have  been  softened  and  made  molecularly  homoge 

■  njs.    The  acid  can,  therefore,  furnish  us  with  a  tolerably  reliable 

11..1:  for  the  degree  of  purity  and  equable  texture  possessed  by  the 

[iietal.     So  important,  indeed,  is  this  question  of  uniformity  that 


I 
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a  difference  of  temperature  will  frequently  determine  a  differew 
of  potential,  and  therefore  cause  a  current  to  flow. 

The  effect  both  of  the  presence  of  any  impurity  and  of 
equal  hardness  can,  however,  be  effectuaUy  overtome,  at  Va^ 
a  time,  by  the  process  known  as  'amalgamation.'  This  ptoi 
consists  in  first  thoroughly  cleansing  the  surfaces  of  the  r 
immersing  it  for  a  time  in  a  dilute  sulphuric  or  hydrochlorici 
solution,  and  subsequently  (but  while  still  wet  with  the  i 
coating  the  surfaces  with  mercury.  This  operation  is  gene 
recommended  to  be  performed  by  rubbing  the  mercury  on 
a  sponge  or  piece  of  cloih  at  the  end  of  a  stick ;  but  ihi 
a  very  irksome  and  tedious  operation,  more  especially  when 
Kincs  are  cylindrical,  and  it  is  quite  as,  if  not  more,  efficadwi 
IKiur  the  mercury  (which  should  afterwards  be  used  for  do  a 
purpose)  into  a  flat  vessel  and  lay  or  roll  the  lines  in  it  '' 
may  be  thought  a  wasteful  process,  but  the  su|KTabundant  1 
cury  can  be  easily  removed  by  wiping  tlie  surfaces  over  and  I 
standing  them  on  a  dish,  to  allow  any  mercury  that  may  be 
free  to  fall  off.  This  method  is  much  to  be  preferred  when 
required  to  amalgamate  a  large  number  of  plates.  A  very  litUe  I 
cury  deposited  at  the  bottom  of  the  zinc  division  in  the " 
will  suflice  to  keep  the  pbte  well  amalgamated  for  a  long  ti 

By  adopting  the  process  of  amalgamation  the  commonest 
can  be  rendered  thoroughly  serviceable  for  a  greater  or  less  p 
according  lo  the  degree  of  effectiveness  with  which  the  pro 
has  been  carried  ouL  As  to  its  rationale,  it  appears  evident 
the  function  of  the  mercury  is  to  homogenise  the  mole( 
arrangement  by  uniformly  softening  the  zinc  and  forming  with 
regular  amalgam  unassailable  by  pure  sulphuric  acid.  The  ai 
gam  in  an  almost  liquid  state  glides  over  and  covers  up 
impure  particles  that  have  not  been  dissolved  off  by  the  ¥ 
process  ;  as  the  zinc  wears  away  these  particles  fall  out  and' 
to  the  bottom  of  the  cell  to  do  no  further  harm. 

The  mercury  does  not  enter  into  action  with  the  add  tX 

any  other  way  interfere  with  the  efficient  working  of  the  cell, 

on  joining  up  the  battery  the  acid  attacks  and  dissolves  the 

more  or  less  uniformly,  the  mercury  eating  its  way  inwards  as 

^uferlicial  unc  particles  enter  into  the  solutioru 


'.'■ic  dnoikr  (oaa  at  bucxy  ■  my omn^piBlk Aei^ 
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sulphate  crystals,  the  /inc,  which  should  be  not  less  than  J 
thick  {to  allow  fur  waste  by  local  action),  being  suspended  il 
zinc  sulphate  solution.     It  will  be  notti:cd  that  the  copper  pUt 
attached  to  the  zinc  of  the  next  adjacent  celL     II  is  usual  n 
practice  to  rivet  one  end  of  a  copi>er  strap  on  to  the  copper  pki, 
the  zinc  being  cast  on  to  the  other  end  of  the  strap.     In  lliii  w 
expensive  binding  screws  or  Lennioals  are  dispensed  with,  ^iTn] ; 
good  and  substantial  contact  is  ensured.     The  lasixincaiiu 
last  copper  are  connected  to  brass  terminals,  which  becoim.- 
spcttively  the  negative  and  positive  poles  of  the  batlerj-. 

Nothing  but  clean  water  (hard  water  should,  if  possihLc.  U 
avoided)  is  poured  into  the  zinc  division,  but  sufficient  is  adiU 
to  bring  it  up  to  n-ithin  about  a  quarter  of  an  inch  of  the  lop  a 
the  zinc  plate.    The  battery  at  the  end  of  about  twenty-four  Ik  . 
will  be  found  to  be  in  working  order,  the  sulphate  having  dis:--!. 
in  the  copper  division  and  enough  p;issi:d    through  the  pc;  ■ 
partition  to  start  the  chemical  action.    Under  these  circumst.i;  ■ 
then,  a  portion  of  the  cupric  sulphate  that   would  othenii>-. 
wasted  is  utilised  to  convert  the  water  into  a  solution  of 
sulphate.    If  the  battery  is  wanted  for  iraniediale  use,  the  zirn 
must  be  tilled  with  a  weak  solution  of  sulphate  of  zinc  (or  sul{<r. 
add),  and  the  copper  cell  with  a  saturated  solution  of  sulphi  ■ 
co]iper ;  action  then  commences  at  once.     It  is  often  moti;  > 
venient  to  dispense  with  the  trough  or  box  and  place  the  cell; 
by  side  on  a  shelf.     The  advantage  of  this  in  an  estensi^-e  bv 
room  is  apparent. 

All  porous  pots  should  be  dipped,  top  and  bottom,  in  H 
parollin  wax,  so  as  by  filling  up  the  pores  to  prevent  the  si 
mingling  too  freely  or  rising  to  the  top  above   the  I 
liquids,  and  so  allowing  the  water  to  evaporate  and  I 
crystallise  out.     One  side  of  the  flat  porous    pots   i 
paraffined  with  advantage — viz.   the  side  which  is  rem 
the  Jnc. 

A  porous  pot  which  has  been  once  used  should  not  be  d 
to  get  dry,  as  the  crystals  which  form  on  drying  chip  it,  a 
soon  render  it  useless. 

The  Daniell  cell,  when  in  good  condition,  can  be  c 
a  standard  of  electro-motive  force,  and  owing  to  the  e 


HHi  the 


Standard  Danieit 


\  the  copper  salt  is  decomposed,  the  eel!  possesses  one  great 
vantage  over  the  Clark  standard  cell,  in  that  it  does  not  polarise 
len  joined  on  short  circuit,  even  when  it  is  giving  a  more  or  less 
ntinuous  current.  It  has,  however,  the  disadvantage  that  for 
curate  measurement  it  requires  a  certain  amount  of  attention 
lich  must  be  particularly  directed  to  the  zinc  division,  to  keep  it 


nd  convenient  form  of  Standard 
In  a  square  wooden  box,  pro- 


M  from  copper,     A  very  handy 

aniell  is  that  shown  in  fig. 

ded  with  two  terminals  for 

innection,  are  three  water- 

^t  chambers      When  the 

11  is  not  in  use,  the  copper    C, 

Bte  c  IS  removed  to  the       i 

rht-hand  chamber  con  tarn    iffl 

gcoppcrsulph-tle  solution, 

e  zinc  plate  z  and  the  porous 

It  containmg  it  being  trans 

rred  to  the  left  hand  cham 

T.       This    porous    pot  is 

pptied  with  a  scmi  situ 

ted   solution  of  zmc  sul 

late,   the  copper  sulphate 

lution  and  its  reserve  of 

jrstals  being  placed  in  the  middle  chamlier.     All  that  is  then 

eessaryto  place  the  cell  inworking  order  is  to  remove  the  copper 

d  the  porous  pot  into  the  centre  division.     The  stud  h  attached 

the  lid,  prevents  it  being  shut  down  unless  the  porous  pot  has 
en  removed  to  the  outer  chamber.  Such  a  cell  will  maintain  an 
jctro-motive  force  of  fo7  to  i'o79  volts  for  a  considerable  time, 
oviding  that  the  copper  and  porous  pot  are  removed  to  their 
speclive  idle  chamtwrs,  between  the  tests. 

We  have  seen  that  Daniell  absorbed  the  freed  hydrogen  by 
using  it  to  reduce  a  metallic  sah  :  Grove  and  Bunsen  in  their 
itteries  oxidised  the  liberated  hydrogen  by  means  of  an  acid. 
Iter  being  produced  by  this  hydrogen  instead  of  sulphuric  acid, 

in  the  Daniell.  In  the  negative  division  concentrated  nitric 
id  is  used,  into  which  Grove  dipped  platinum  foil,  while  Bunsen 
[opted  gas-carbon.    Zinc,  as  usual,  constituted  the  positive  plate 
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in  each  case,  the  liquid  placed  with  it  being  a  solution  of  sulpha 

acid.     The  diagram  (fig.  23)  shows  the  construction  of  the  Gto 

It  is  usually  contained  in  a  flat  rectangular  glass,  porcelain,  q 

ebonite  vessel,  porcelain  being  periiapi 

the  best     The  amalgamated  zinc  pW, 

z,  is  bent  into  a  U-shapc,  and  supporB 

the  flat  porous  pot  which  contains  ihe 

platinum  foil,  P.     By  this  arrangenieni 

each  surface  of  the  platinum  has  <>}■ 

]-.-i-.-.|  to  it  a  surfaceof  zinc,  the intemL 

!■    ■  :   111  L' lieing  consequently  very  k^ 

\      'I  'fi^   solution    of    sulphuric  •■ 

n  I ..  ji  1 1  T  of  acid  to  7  or  8  of  watcM 

lioured  into  the  outer  cell  and  stita 

nitric  acid  having  a  specilic  gnivitra 

1-420  is  placed  in  the  inner  cell  «q 

the  platinum.      The  copper  or  biaa 

connections  or  terminals  should  be  1k- 

quered  except  upon  those  surfaces  which 

take  p.irt  in  the  electrical  circuit,  to  protect  thcni   as  much  M 

possible  from  the  gases  which  are  evolved  during  the  workiugd 

the  cell. 

The  action  is  in  the  drst  stage  similar  to  that  in  the  Danid^ 
but  there  is  some  diversity  of  opinion  as  to  what  actually  tranv 
pires  in  the  platinum  division.  Zinc  sulphate  is  formed  by  ibe 
action  of  the  sulphuric  acid  on  the  zinc,  and  the  hvcirogen  which 
is  thereby  released  reduces  the  nitric  add  (HNOg)  to  water  V' 
nitric  peroxide  (N,0 ,},  which  ascends  as  a  gas  into  the  air.  1 
gas  is  distinguishable  from  all  others  by  its  dense  brown  appesi 
ance  and  its  extremely  pungent  odour. 

The  chemical  reactions  may  be  represented  by  the  equa 
Zn  +  SO,H,  +  3HNO,  =  ZnSO.  +  2OH, 

It  will  be  noticed  that  the  acid,  which,  to  give  the  n 
strength  of  current,  should  be  concentrated,  must  be  S 
weakened  as  the  current  is  produced.  This  results,  in  t 
ilace,  from  the  fact  that  every  atom  of  hydrogen  set  free  fi 
Iphuric  acid  decomposes  a  portion  of  tne  nia^ic  acid,  1 
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by  the  greenish  hue  imparted  to  the  acid.  The  chief  use  of  the 
Grove  cell  in  England  is  for  experimental  puqmses.  It  has  the 
advantage  that  it  is  very  compact  and  portable.  The  Bimsen 
has  a  slightly  higher  electro -motive  force,  and  it  is  somewhat 
cheaper  ihan  the  Grove.  As,  however,  it  is  generally  constnicied 
in  the  cylindrical  form,  it  is  much  less  convenient. 

There  are  many  forma  of  double-fluid  bichromate  batteries. 
In  nearly  alt  of  them  zinc  and  carbon  are  employed  for  the  positive 
and  negative  elements  respectively,  the  difference  being,  generally 
speaking,  confined  to  the  depolarising  solution  surrounding  the 
carbon  plate.  In  one  of  them,  however,  a  great  feature  is  made 
of  the  means  adopted  for  keeping  the  zinc  well  amalgamated. 
This  cell  is  known  as  the  '  Fuller,'  and  it  is  usually  put  up  in  a 
Pij.  round  earthenware  jar,  in  which   is   placed 

a  comparatively  small  jxirous  pot  containing 
a  zinc  rod  of  peculiar  shape,  as  shown  in  fig 
25.  The  zinc  is  cast  on  to  a  stout  copper 
wire  which  passes  almost  to  the  bottom  of 
the  tod  and  helps  to  keep  it  intact.  Two  or 
three  ounces  of  mercury  are  placed  in  the 
porous  pot,  which,  on  the  addition  of  the 
solution  (dilute  sulphuric  acid),  creeps  up  the 
surface  of  the  zinc  by  the  force  of  capillary 
attraction  and  so  keeps  it  uniformly  and 
automatically  amalgamated.  A  small  carbon 
plate  is  placed  in  the  outer  vessel  in  a  solution 
of  bichromate  of  potash,  derived,  however, 
from  a  stiff  paste,  of  which  a  quantity  is 
placed  in  the  bottom  of  the  cell,  and  which 
contains,  probably,  a  quantity  of  free  chromic  acid,  soda  nitrate, 
&C.  An  unusually  large  quantity  of  this  solution  is  generally 
provided  in  order  to  maintain  its  strength  for  a  longer  period  of 
lime  than  would  be  the  case  were  the  more  usual  proportions 
adopted.  The  chemical  action  is  practically  the  same  as  that  in 
the  single-fluid  bichromate  cell.  What  is  true  of  ihe  nitric  acid 
cells  of  Bunsen  and  Grove  is  also  true,  although,  perhaps,  to  a  leis 
degree,  with  each  and  every  form  of  bichromate  of  potash  or  d 
chromic  acid  cell — viz.  that  polarisation  and  the  accompanyioi 


^^    cells 
^^L    degr< 
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1  the  electro -m-jCive  V^v.t.  ar.d  •t.^-.i-.rt  il.s.:  n 
ngtb,  sets  in  ifter  the  bjcarr  bas  :e::i  n  ise 
lore  or  less.  The  eie^rj-nniCTe  xr^s  :t  t.c  .e 
gh,  ranging  from  i-9  to  I'lf  '•--\Xi.  [3  rrsnii  n 
ver)-  low,  whence  it  tr.-ij  ■:c[:=;'icn .■.■■;  -li-  ':r 
it  ingenious  ha~er.-  jet  Trcsc-i'--:  :';r  ;:i,-  -^'  \~ 
probably  that  cf  Mr.  .^  F,±ne  '.'j'nri  TTt  -.■-.•:(  :• 
X  gathered  frotn  il;5,  if.  i=<i  17.  T::it  ;i,-  -v^  ' 
ist  line   immersed   j:    *i:=r  ;  ^  j. 

-wards  becomes  c-.c  i:hj;rj ie  ■ 
in  the  porctis  pc-t  s.  Ti^~ 
emcnt  consisa  of  T"-;  ■Jir:<:n 
joined  tc^e:her  3^t  -.'jii-jri.  -jl 
essel.  A,  of  gliKd  ear^r^Tiri 
between  a  azi  e  zt:^  -jiitc 
ked  wi:h  cr-^r.fi  'isr^.c:  lii 
with  a  aver  cf  liriir.':.   e. 

zinc,  is  led  _.::  r.t  :'.--.-.r -1 
«,  D  (nj.  37..  ir;l  toj;-^ 
c  fRu'il  pieces  cf  ti-'V.  -_  fj:^!: 
10  the  line  c:-.-i  .r,  ■■-.-tn  - 
yrtly  invj  c'-.t".:^  ..v.-  r--. 
hus  Zn-t-C!,  =  Z--C.,,      -.-.i 

the  one  ceU  ^=.v^  "r.:.:-.  -. 

the  next  ctU.  A:  -.-■=  ■.-■-.'-  i; 
c  pwous  par^rir-  .•.  i-.~~  _.!.■. 
om  of  iht  o-'.;r  it=i','-  ir-i  -:■-.- 
flows  thr-.urh  -J-.-t  :-'r-  ;.  --.-. 
r,  al-v3>s  j.;'^    -.:.:  *:.-.-  .r  v 

.-11.  iDsaj-r.-i-  :j;  ^  :  -ir.j-. 
intcnui  jt-.y^T.:-.  .:  :■.-..■;  ; 

itf  form  ti'.h  ct-  ; ■.■vj. -ji  '•■- 
3  as  to  give  &  liVr:  t-.-^  Lit  .  j-: 
of  eiizht  ';£.'>'.'-:  ;^;-.-i  'J  r,-. 
ihowo  ID  v.^-i.  t'j  i.:r,  ;-.     "..,■ 
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direct  to  the  apjiaratus  in  which  the  chlorine  gas  is  generated,  the 
outlet  tube  being  connected  to  the  inlet  of  the  next  cell,  the  outJetrf 
which  is  in  its  turn  connected  to  the  bottom  of  the  firet  of  a  sent* 
of  vertical  columns,  made  by  carefully  seahng  together  a  number 


rU     ' 


CPf  Ordinary  earthenware  drain-pipes.'  The  lop  of  the  first  of  thee 
columns  is  connected  to  the  bollom  of  the  second,  and  so  on,  the 
top  of  the  last  of  the  series  being  provided  with  an  outlet  tube 
eitending  into  the  outer  air.  Chlorine  gas  is  rather  more  than 
twice  as  heavy  as  air,  so  that  as  the  gas  first  enters  at  the  bottom 
«f  the  cells  it  drives  out  the  superincumbent  air  by  ordinary 
placement,  Similarly  with  the  reservoir  columns,  the  first  being 
filled  with  chlorine  before  any  enters  the  second  column, 
The  connecting  tubes  are  of  lead,  which  is  the 

aspiraU 
)c  gas  Ihrou^ 
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ible  material  available,  as  it  has  only  a  feeble  affinity  for 
rine  at  ordinary  temperatures.  A  piece  of  glass  tubing  is  let 
each  of  the  lead  pipes  connecting  the  reservoir  columns,  and, 
back  of  the  glass  being  painted  white,  the  presence  of  the 
rine  is  easily  recognised  by  its  distinguishing  greenish-yellow 

rhere  are  various  ways  of  generating  chlorine,  the  method 
loyed  by  Mr.  Upward  being  that  of  heating  a  mixture  of 
ganic  oxide,  sulphuric  acid,  and  brine  (sodic  chloride).  The 
tion  is  represented  by  the  equation  : — 

O,  +2SO4H,  +2Naa  =  S04Na,  4-S04Mn  +2OH2  +Cla 

ante     Snlphiirk  Sodic  Sodic        Mang^ous         Water.    ChlonDe. 

la-  add.  chloride.  sulphate.       sulphate. 

The  whole  of  the  chlorine  contained  in  the  salt  is  thus  reduced 
le  gaseous  state. 

Fhe  apparatus  employed  for  the  generation  of  the  gas  is  illus- 
rd  in  fig.  28.  In  a  round  earthenware  pan  is  placed  the  perfo- 
d  earthenware  tray  previously  filled  with  the  black  manganic 
e,  sufficient  for  two  or  three  weeks'  run.  The  cover  is  then 
ed  in  position  and  sealed  with  water  run  into  the  groove 
ra  in  the  pan.  The  brine  and  acid,  which  are  stored  in  jars, 
supplied  daily  through  the  inlet  tube  shown  on  the  right  of 
pan,  the  spent  liquid  being  drawn  off  at  the  tap  on  the  left, 
:h  is  connected  directly  with  the  drain  by  means  of  a  sealed 
The  whole  being  placed  in  a  sand  bath,  sufficient  heat  is 
)lied  by  a  small  gas  jet  or  oil  flame  to  bring  about  the  reciuircd 
nical  changes.  The  gas  is  conveyed  by  the  tube  shown  at 
top  to  the  first  of  the  battery  cells.  When  it  is  required  to 
large  the  retort  with  manganic  oxide,  it  is  flushed  out  with 
:r  (entering  at  the  same  aperture  as  the  acid)  to  remove  anv 
*  of  the  chlorine  gas.  The  lid  and  iray  of  spent  oxide 
1  taken  out  and  a  spare  tray  filled  with  fresh  oxide  ins< 
the  lid  replaced. 

rhese  cells  might  be  joined  up  in  a  sufficiently  long  serie 
:  a  number  of  incandescent  kinips  directly,  but  that  nun 
Id  be  limited  owing  to  the  comparatively  high  inter 
;  of  the  battery.     It  is  suggested,  therefore,  to  era 
;de  of  cellSi  and  with  them  to  cliarge,  one  by  on 


Electrical  EHgiuetring  chj 

^of  secondary  cells  (see  Chapter  XIV.),  the  primary  current  being 
automatically  switched  from  one  cell  to  the  next,  after  it  has  been 
charging  it  for  a  certain  time.  Clever  in  conception  as  this  balieiy 


aindoubtedly  is,  it  is  scarcely  one  that  could  be  placed  in  the  hands 

Pof  inexperienced  people,  or  be  relied  upon  to  maintain  an  electric 

light  installation  for  any  length  of  time.     Chlorine  gas,  agaiu,  it 

very  insidious,  and  its  occasional  escape  in  greater  or  less  quontttia 

could  hardly  be  prevented.    Were  it  perfect,  however,  therewotild 

.only  be  a  limited  field  open  for  its  employment,  and  that  on  I 

IM^  small    scale      Its  e^pensc  would    prevent  it  ever  enterii^ 
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to  competition  with  the  dynamo  machine  for  work  on  a  large 
ale. 

There  are,  of  course,  a  vast  number  of  cells  which  we  have  not 
nsidered  it  necessary  to  describe  here,  but  they  may  generally 
;  placed  under  one  or  other  of  the  typical  heads,  viz.  the  Daniell 
th  a  metallic  salt,  or  the  Grove  with  an  acid,  in  the  negative  divi- 
)n.  The  general  difference  is  that  the  latter  polarises  more  or  less 
pidly,  while  the  former  does  not  polanse,  but  is  kept  constant  by 
e  metallic  deposit  upon  the  negative  plate. 

Primary  batteries  are  of  but  little  service  in  electric  light- 
g.  They  are,  of  course,  valuable  for  testing  purposes,  but  as 
lurces  of  current  for  the  electric  light  they  are  altogether  out  of 
lace,  except  for  small  isolated  work,  owing  to  the  fact  that  zinc, 
hich  is  in  every  case  used  as  the  positive  plate,  and  wliich,  being 
onsumed  in  the  generation  of  the  current,  corresponds  to  the 
oal  consumed  in  an  engine,  is  very  many  times  dearer  than  coal, 
^ven  were  expense  a  question  of  minor  importance,  there  still 
emains  the  fact  that  primary  batteries  are  very  troublesome  to 
naintain,  and  more  often  than  not  give  off  noxious  fumes,  which 
ire  also  as  a  rule  highly  corrosive.  What  is  really  wanted,  putting 
iside  altogether  the  question  of  expense,  is  some  simple  form  of 
cell,  of  which  the  constituents  can  be  easily  obtained  and  replaced ; 
bm  which  no  injurious  fumes  can  arise ;  which  shall  have  a  high 
fclectro-motive  force  and  a  low  internal  resistance,  and  be  fairly 
constant  withaL 

There  are  three  considerations  that  have  to  be  taken  into 
account  when  determining  what  kind  and  what  numlxrr  of  cells  it 
would  be  most  advisable  to  employ  for  any  particular  i^urinise — 
^■iz.  the  relative  constancy  and  electro-motive  force,  and  the  ratio 
between  the  internal  resistance  of  the  cell  and  the  external  resi:>t- 
ance,  or  the  resistance  of  the  connecting  wires  and  apparatus^ 
It  will  have  been  gathered  that  there  is  in  this  matter  of  electrr 
niotive  force  and  constancy  considerable  variation.     AV'e  will  n 
enter  here  into  the  matter  of  expense,  for  in  the  end  that  >vhich 
the  best  cell  for  any  particular  purix)se  generally  proves  to  l->e  al 
tbe  cheapest     The  internal  resistance  is,  however,  an  im' 
factor.    If  it  were  negligible,  it  would,  for  exami>le,  be  i>c 
Duuntain  a  current  of  one  ampere  by  one  Daniell  ccl' 


I 


I 
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through  an  exlernal  resistance  of  one  ohm,  for  as  (see  Chapter  IL 


But  the  average  Daniell  cell  offers  four  ohms  resistance,  so  that 
the  current,  where  R  is  the  external  resistance  of  one  ohm,  and  t- 
Ihe  internal  resistance,  would  be 


and  if  we  were  to  attempt  to  increase  this  current  materially  by  th 
addition  of,  say,  nine  other  similar  cells,  we  should  lail,  for  (hen 

° = ° —  =  "as  ampere  nearly. 

B  +  lor       I  +40  ^       ^ 

Similarly,  with  100  such  cells  through  this  unit  resistance — 

'k+  loo'r  ~"  1+400  ~   "^  "^"^  '^' 

We  sec,  then,  that  increasing  the  number  of  cells  in  this  waj 
when  the  exlernal  resistance  is  low,  produces  no  correspnndinj^J 
good  elTcct,  for  the  simple  reason  that,  although  we  might  proiior 
tionally  increase  the  electro-motive  force  by  so  doing,  we  ahouii 
at  the  same  rate  increase  the  circuit  resistance.  As  a  matter  0 
fact,  no  ordinary  Daniell  cell  or  battery  can  possibly  develop  I 
current  of  one  ampere,  its  internal  resistance  being  too  high. 

On  the  other  hand,  were  we  to  employ  Grove  cells  (which  fa 
simplicity  we  will  assume  to  have  an  electro-moti^-e  force  of  a  vol! 
per  cell),  the  advantage  of  increasing  the  number  of  cells  on  a  l« 
resistance  circuit  soon  becomes  apparent.  For  example,  with  a 
external  resistance  of  i  ohm  and  an  internal  resistance  of  -a  ohi 
per  cell,  one  cell  would  give  us, 

—  — ' —  =  I  li  amperes. 

R  +  *-       1  +  -a 

Two  such  cells  would  produce 


cBtr,  m. 

Grouping  of  Cells 

And  three  cells 

R  +  3'- 

1  +-6 

=  3-8  amperes  nearly. 

Similarly,  four  cells  would  give  4'4  amperes  and  five  cells  would 
yield  5-0  amperes.    But  from  len  cells  we  should  only  get 

— = =  6'6  amperes. 

K  +  lor       I  +  a  ' 

While  with  100  such  cells  the  current  would  be 

— ■  = =  95  amperes, 

R+ioor       »  +  ao       ^^       ' 

showing  again  that  as  the  internal  resistance  approaches  or  ex- 
ceeds the  external,  the  proportional  current  from  the  battery  is 
reduced.  When,  however,  the  external  resistance  is  relatively 
high,  say  1,000  ohms,  the  battery  resistance  becomes  proper 
lally  low,  and,  therefore,  to  a  certain  extent,  negligible.  The 
•nX.  from  one  Daniel!  cell  would  be 

EI  , 

:  — = =  -000996  ampere. 

R  +  r        1000+4 

b  ten  cells  we  should  get, 

^  '00961  ampere, 

+  4'' 

L  practically,  a  current  of  tenfold  strength. 

I  Similarly,  with  a  battery  of  100  cells,  we  should  get 

■0714  ampere. 


R  +  \130r         1000  +  400 

ain,  one  Grove  cell  would  give  through  rooo  ohms 

V.  3 

C  =  =    =  'ooa  ampere, 

R  +  /■       tooo  +  'a 

and  len  cells  would  give 
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torn  loo  cells  we  should  get — 

■ig6  ajn|.>ere. 

With  either  the  Daniell  or  the  Grove  the  strength  of  the  cuncnl 
incitases  in  almost  the  same  ratio  as  the  number  of  cells  when  the 
externa]  resistance  is  high.  But  as  the  Grove  is  >-astly  inferior  to 
the  Daniell  in  constancy,  and  as  it  is  a  very  expensive  fomn)( 
battery,  the  deduction  is  that  Daniell  cells  should  be  used  for 
circuits  of  high  resistance,  compensating  for  their  lower  electro- 
motive  force  by  a  corresponding  increase  in  numbers.  On  the 
other  hand,  the  Grove,  in  consequence  of  its  low  internal  re- 
sistance, is  better  adapted  for  circuits  of  low  resistance. 

The  internal  resistance,  however,  of  different  cells  of  any 
particular  type  varies  inversely  as  the  size  of  the  plates  (couiiii'^ 
only  the  active  or  opposed  surfaces).  It  also  varies  directly  as  ^e 
distance  between  them  (making  due  allowance  for  the  resisBnce 
of  the  porous  pot,  which  would,  of  course,  have  a  constant  value 
unless  varied  in  size  or  thickness).  The  meaning  of  this  b  pUim 
for  if  we  were  to  double  the  size  of  the  plates  we  should  halve 
resistance  and  pro[K)rtional]y  increase  the  current  strength. 

The  same  object  is  attained  by  joining  cells  in  'parallel.' 
fai  we  have  only  considered  ihera  as  joined  in  series,  that  is  to 
say,  the  copt>er  of  one  cell  joined  to  the  zinc  of  the  next  andso 
on.  Under  such  circumstances  the  electro-motive  force  of  the 
battery  is  equal  to  the  sum  of  the  electro -motive  forces  of  the 
various  cells.  If  the  coppers  of  two  cells  are  joined  together,  and 
likewise  the  zincs,  and  the  two  junction  wires  connected  to  the 
external  circuit,  a  currciii  wiil  \>u  dcvelo[>ed  by  aii  electro- motive 
force  equal  to  that  of  one  cell,  the  joint  resistance  of  the  two  equiJ 
cells  being  half  that  of  one  of  them  used  separately.  The  arrange- 
ment is,  in  fact,  equivalent  to  doubling  the  si^e  of  the  plates. 

This  will,  perhaps,  be  made  clearer  by  a  reference  to  the 
diagrams,  figs.  29,  30,  and  31.  Fig.  39  represents  a  battery  o( 
three  celb  joined  in  series,  the  short  thick  strokes  representing  the 
zinc  or  positive  plates,  and  the  long  thin  ones  the  copper  or  nega*; 

Ktive  plates.    Fig.  30  shows  two  cells  joined  up  in  parallel.    If  thq 
be  both  of  exactly  the  same  electro-niotive  force,  no  currenl  c 
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flow  from  c  to  c  or  from  Z  to  Z,  but  on  joining  the  external  wires 
A  and  B  together,  a  current  would  be  generated  by  each  cell  and 


pass  through  the 
the  joint 


from  B  to  A.     As  already  sta:ed, 
of  these  two  cells  would  be  half  that  of  one 


< 


of  them.     With  a  low  external  resistance  the  current  strength 
would  be  increased  proportionally.     In  fig.  31  are  shown  sixteen 


HhHHh 


cells  divided  into  four  sets  of  four  cells  each,  the  sets  being  joined 
up  in  parallel.  On  completing  the  external  circuit  a  current  will 
flow,  haiHng  an  ekclro-motive  force  equal  to  that  of  four  cells. 


but  the  battery  resistance  wiil  be  only  one-fourth  of  that  of  four 
cells. 

The  joint  resistance  of  any  number  of  parallel  balteries  ii 
equal  to  -  ,  wliere  r  is  the  resistance  per  cell,  s  the  number  of 

such  cells  joined  up  in  series  in  each  individual  battery,  and  b  the 
number  of  such  batteries  joined  together  in  parallel.  This  is 
simply  an  application  of  the  law  that  wiUi  a  number  of  conductots, 
M,  of  uniform  resistance,  h,  joined  together  in  parallel,  their  joiiii 
resistance  is  equal  to  -.     For  rs  is  the  total  resistance  of  each 

of  the  batteries  joined  togetlier  in  parallel.  This  arrangement 
is  sometimes  very  advantageous ;  for  example,  if  sixteen  Daniell 
cells,  each  of  i  volt  electro -motive  force  and  4  ohms  internal 
resistance,  are  employed  in  series  for  a  circuit  of  4  ohms  external 

resistance,  the  current  will  be 


16 


•23s  ampere  . 


(')■ 


4  +  64 

By  dividing  the  cells  into  two  sets  of  eight  cells  each  and  joining 
these  in  larallel,  the  current  is  increased,  thus 


4+16 
On  rearranging  the  cells,  as  shown 


=  -400  ampere  .        .        .        (a). 

fig.  3r,  the  current  I>ecomes 
^^  =  -soo  ampere  (3). 

Pursuing  this  plan  any  further,  however,  results  in  3  diminution  of 
the  current ;  for  example,  if  eight  sets  of  two  cells  each  are  joined 
in  parallel,  we  get 

■ — - —  =  -400  ampere  .  .        (4). 

While  with  the  whole  of  the  sixteen  cells  joined  in  parallel  we  gi 
only 

7rir:7-=   -35  ampere.  .        (5).] 


m 


[ith  circuits  of  comparatively  low  external  resistance  there  I 
ifore,  a  best  possible  arrangement  of  the  cells  to  give  t 


strongest  possible  current,  and  with  any  given  number  of  cells 
ihis  arrangement  is  arrived  at  when  the  internal  resistiince  is  equal 
lo  the  external,  or  when  r  =  — . 

Such  an  arrangement  is  not, however, economical;  nor, indeed, 
is  any  arrangement,  unless  the  external  resistance  is  considerably 
in  excess  of  the  internal.  As  has  been  already  stated,  the  strength 
of  the  current  is  the  same  in  all  parts  of  the  circuit,  consequently 
in  (i)  sixteen  times  as  much  zinc,  &.C.,  is  consumed  in  the  sixteen 
cells  as  would  be  consumed  in  a  single  eel!  capable  of  maintaining 
an  equal  current  In  {3),  however,  each  set  of  four  cells  must  be 
considered  as  a  separate  or  branch  circuit,  and  only  one-fourth  of 
the  current  flowing  in  the  external  circuit  would  flow  through  each 
of  these  separate  sets.  The  external  current  is  approximately 
twice  as  strong  as  in  (i).  Therefore  the  individual  current  in  each 
cell  and  the  consequent  consumption  of  zinc  is  only  half  as  great 
In  (s),  where  there  are  sixteen  cells  in  parallel,  a  current  is  pro- 
duced equal  to  that  resulting  from  a  battery  of  sixteen  cells  in 
series,  but,  the  cells  being  joined  up  in  parallel,  only  one-sixteenth 
of  thi^  current  flows  through  each  cell,  so  that  the  total  consump- 
!ion  of  zinc  in  the  sixteen  cells  is  equal  to  that  iji  but  a  single  cell 
1(1),  clearly  demonstrating  Hie  advantage,  from  an  economical 
nut  of  view,  of  using  batteries  much  lower  in  resistance  than  the 
i-jre  or  apparatus  through  which  the  current  has  to  flow. 

One  important  feature  concerning  the  proportion  between  the 
gross  el ectro-m olive  force  of  the  battery  and  the  difference  of 
potential  it  can  maintain  in  any  given  external  circuit  requires 
careful  consideration,  for  it  is  a  feature  that  is  frequently  lost  sight 
of.  It  was  pointed  out  in  Chapter  II.  that  in  any  given  circuit 
the  fall  of  potential  varies  directly  as  llie  resistance,  so  that  in  (i), 
where  the  inicmat  bears  to  the  external  resistance  the  proportion 
of  16  to  I,  only  one-seventeenth  of  the  16  volts  developed  by  the 
battery  is  available  in  the  external  circuit,  the  remaining  sixteen- 
scventecnths  being  absorbed  in  overcoming  the  resistance  of  the 
battery.  In  (3)  the  resistances  outside  the  battery  being  equal  to 
that  inside,  the  electro-motive  force  of  4  volts  developed  is  halved, 
J  volts  being  available  for  the  external  circuit.  Similarly  in  (5), 
iho  available  e'ectro-motive  force  for  the  external  circuit  is  sixteen- 


J 
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■eventeenths  of  a  volt  (the  gross  electro-motivt  force  developed 
being  i  volt),  or  equal  to  that  produced  by  the  siicteen  cells  joined 
up  in  series,  as  in  (i),  where,  as  already  shown,  the  consomplioii 
of  materials  is  sixteen  times  as  great,  and,  spe.iking  generally,  w 
may  say  that 


Where  E  is  the  electro -motive  force  develojtcd  by  the  Kiltery,  ( is 
the  external  resistance,  r  is  the  internal  resistance,  and  P  ihc 
available  potential  difference  at  the  terminals  of  the  battery.  Fot 
example,  with  a  battery,  as  in  (4),  whose  internal  resistance  ii 
I  ohm  working  through  an  external  resistance  of  4  ohms,  ind 
having  an  electro -motive  force  of  z  *'olts,  the  available  poteatisl 
difference  will  be 

p  =  a  — ■*—  =  i-fi  volts. 
4  +  I 

The  available  potential  difference  can  also  be  ascertained  m 
Another  way  which  does  not  involve  the  necessity  for  ascettaioins 

flie  external  resistance.     Ohm's  law  declares  c  =  -    or, 

R 

And  this  is  true  either  of  a  complete  circuit  or  simply  of  a  part  » 
s  circuit.  If,  for  instance,  in  a  circuit  of  known  or  unknOf* 
resistance  the  current  strength  is  found  to  be,  say,  i', 
and  that  a  portion  of  the  circuit  offers  a  resistance  of  3  o 
then  the  fall  of  potential,  or  the  electro -motive  force  absorbed,  ii 
thai  portion  of  the  circuit  will  be 

B  =  c  R  —  I  "5  X  3  =  4*5  volts. 
If  the  known  resistance  is  that  of  the  battery  (r),  it  follows  that  4" 
volts  will  be  the  electro -motive  force  absorbed  by  the  battery,  ft 
if  that  is  deducted  from  the  total  electro-motive  force  develop 
(say,  20  volts),  the  remainder  will  be  the  available  poteiitil 
difference  for  the  external  circuit,  or 

tp  =  E  -  cr  =  20  —  (I'S  X  3)  =  155  volts. 
Occasion  sometimes  arises  for  substituting  one  form  of  batta 
another  without  making  any  appreciable  change  in  tlie  cum 
ngth.     If  the  internal  resistance  were  negligible,  this  would, 
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Course,  be  a  matter  of  no  dirficulty  ;  but  even  when  it  is  rcqui^itc 
to  make  allowance  for  the  battery  resistance,  a  simple  formula  can 
be  employed  to  ascertain  the  number  of  cells  necessary  to  develop 
a  given  current  strength.  For  example,  suppose  that  a  battery  of 
100  cells,  with  an  electro-motive  force  of  i  volt  and  an  internal 
resistance  of  4  ohms  per  cell,  sends  a  current  through  an  external 
resistance  of  400  ohms,  then  the  current  will  be 

looE  100  .     ^ 

=  '125  ampere. 


I  cor  +  R       400  +  400 

Substituting  some  other  form  of  battery  with  an  electro-motive 
force  of  2  volts  and  an  internal  resistance  of  i  ohm,  and  letting 
•  be  the  number  of  such  cells  necessary  to  develop  0*125  ampere, 
then 

^^  =  '125  =  ^  ampere, 


«  X  I  +  400  8 

that  is  to  say, 

2n       __  I 

n  -h  400       8' 

or,  i6/r  =  «  +  400 

i5«  =  400 

«  =  1?2  =  26-6. 

Twenty-seven  of  these  2-volt  cells  would  maintain  in  the  circuit  a 
current  of 


27E       -        54 


=  '126  ampere. 


2  7r  +  400       27  -h  400 

Twenty-six  cells  would  be  insufficient  for  the  purpose.  This 
fonnula  also  possesses  the  advantage  of  providing  the  same  poten- 
tial difference  at  the  terminals  of  the  battery,  as  well  as  that  of 
fiimishing  the  number  of  cells  necessary  to  develop  an  equally 
strong  current 


I 


CHAPTER   IV. 

MEASUREMENT  OK  CVRRENT   STRENGTH. 

Having  in  ihe  preceding  chapters  shown  how  a  current  of  eleo-  ■ 
tricity  can  be  generated  and  maintained,  and  having  also  explained  I 
the  various  units  by  which  we  can  measure  that  current,  as  well  as  I 
the  resistance,  and  the  pressure  or  electro-nioiive  force  whidi  ' 
maintains  the  current,  it  behoves  us  now  to  turn  our  attention  to 
the  methods  of  making  such  meastirements  and  the  consideration 
of  the  laws  involved.     In  order  to  make  the  student's  progress 
at  this  difficult  stage  as  easy  as  possible,  we  wiU  approach  the 
subject  experimentally. 

If  a  wire,  ab  (fig.   32),  carrying  a  current  is  brought  near 
another  wire,  co,  also  carrying  a  current,  it  is  found  that  there  is 


a  decided  action  between  the  two  wires.  If  the  currents  arc 
flowing  in  the  same  direction,  as  shown  by  the  arrow-heads  in 
fig.  33,  the  wires  are  attracted  one  to  the  other.  On  the  oilier 
hand,  if  the  currents  travel  in  opposite  directions,  as  in  iig.  3j, 
repulsion  ensues. 


^K        The  force  of  this  attraction  or  repulsion  depends,  among  01 
^^K  considerations,  upon  the  strength  of  the  current.     It  would  | 


my  U:  (iltiiincd  al  any  jJirt  srf  isi:  xat.     I'm 
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marked  out,  which  show  the  direction  in  which  the  force  due  to 
the  ciiirent  acts,  are  called  '  lines  of  force." 

As  in  the  case  of  the  imaginary  lines  considered  in  ChapteT  1., 
it  is  necessary  to  assume  for  them  a  certain  direction.  ITiat  direc- 
tion along  a  line  of  force,  indicated  hy  the  arrows  in  fig.  35,  is 
called  the  'positive'  direction.  The  direction  can  be  impressed 
upon  the  memory  by  thinking  of  the  act  of 
using  a  corkscrew.  If  the  longitudinal  direction 
of  the  screw,  either  into  or  out  of  the  cork,  be 
taken  to  represent  the  direction  of  the  currcDl, 
then  the  positive  direction  of  the  lines  of  force 
will  be  that  in  which  the  handle  rotates,  so  that 
if  in  fig.  35  the  downward  direction  of  the 
current  were  reversed,  the  positive  direction  (rf 
the  lines  of  force  would  be  in  the  opposite  direc- 
tion to  thai  indicated  by  the  arrow-heads.  The 
space  around  the  wire  in  which  the  effect  of 
ihe  current  is  perceptible  is  called  an  *  electro- 
magnetic field,' and  it  is  important  to  rememba 
that  the  strength  of  this  field  is  exactly  pro- 
portional tu  the  strength  of  the  current  producing  it.  It  et- 
tends  from  the  axis  of  the  wire  as  a  centre  throughout  the  s 
rounding  space,  but  as  the  distance  from  the  wire  increases,  the 
effect  is  weakened  until  it  at  last  becomes  so  feeble  as  to  be  im- 
perceptible. The  lines  offeree  traversing  this  field  obey  precisely 
the  same  laws  as  those  laid  down  for  the  lines  due  to  a  static 
charge,  and  the  interaction  between  two  sets  of  lines  of  force  can  ' 
always  be  predicted  by  remembering  that  their  universal  tendenqr  1 
is  to  coincide  in  direction  and  to  shorten  themselves 

Reverting  to  the  experiment  with  tlie  two  wires  carrying  the  I 
currents,  it  may  be  said  that  the  force  exerted    between  thema 
always  tends  to  move  them  so  that  they  shall  take  up  such  a  f 
position  that  the  currents  flow  in  the  same  common  direction  (aa 
ill  fig.  32)  and  that  the  wires  as  nearly  as  possible  coincide. 
prove  this,  it  is  necessary  to  allow  at  least  one  of  the  wires  to  bj 
e  of  moving  freely  and  with  as  little  restraint  or  friction  ^ 
~'  is  can  be  done  by  means  of  a  simple  device  fi 
feting  a  movable  or  floating  battery  cell.     Lei  a  coA  | 
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fitted  to  a  stnull  gla^  beaker  partty  filled  with  diluted  sulphuric 
acid,  and  through  the  cork  pass  wires  carrying  ihin  strips  of  zinc 
and  copper  or  silver,  completing  the  circuit  externally  by  means 
of  a  stiff  but  not  too  heav7  piece  of  wire,  as  shoivn  in  fig.  36, 
The  small    beaker  cell  can  ^,^_  ,,, 

Ihen  be  placed   in  a   larger      « ■< — ■*» ft 

beaker,  or  any  other  con- 
venient vessel  full  of  water, 
And,  unless  too  much  acid 
solution  has  been  placed  in 
the  smaller  beaker  or  the  solid 
portions  are  made  unneces- 
sarily hca\7,  the  cell  will  float 
readily  upon  the  water.  If  a 
wire  carrying  a  strong  cur- 
rent is  placed  parallel  to  the 
straight  part  of  the  wire,  a  I;  so  iliat  the  currents  flow  in  opposite 
directions,  the  wire  afi  will  lie  repelled,  and,  the  cell  floating 
away,  will  turn  completely  round,  so  that  the  currents  flow  in  the 
same  direction  ;  it  will  then  be  attracted 
until  a  b  lies  as  near  as  possible  10  the 
other  wire. 

These  effects  may  be  increased  by  11 
creasing  the  length  of  the  wires,  but  very  I 
long  straiBht  wires  would  be  cumbersome  \ 
and,  in  fact,  impracticable.  It  is,  there- 
fore, more  convenient  to  coil  them  up  into 
flat  spirals  (fig.  37),  covering  the  wire  with 
silk,  cotton,  or  some  insulating  material, 
to  prevent  adjacent  convolutions  getting 
into  contact.  The  effect  between  the 
spiisb  will  be  identically  similar  to  that  between  the  same  two 
wires  straightened  out.  For  many  purposes,  however,  it  is  pre- 
ferable to  coil  the  wire  into  a  long  spiral  or  helix.  In  fig,  38 
one  of  the  helices,  a  b,  is  floated  in  a  manner  similar  to  that 
adopted  in  fig.  36,  the  other  hehx,  ab,  being  placed   near  it, 

I  action  between  two  such  helices  is  very  decided,  and,  being 
^tJy  the  same  character  as  thai  betwetii  the  straight  wires 


I 
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<a  flat  spirals,  may  be  predicted  by  remembering  the  laws  we  ha^j 
just  stated. 

If  the  currents  ate  flowing  in  opposite  directions  round  adjx 
cent  ends  of  the  spirals  or  helices,  repulsion  will  take  place,  a 
the  floating  helix,  moving  more  easily  than  the  other,  » 
and,  turning  completely  round  on  its  vertical  axis,  will  appro 
with  its  opposite  end  to  the  fixed  spiral,  as  in  fig.  38.  'ilie  current!^ 


^^^  Ex 
^^krthe 
^^th 
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will  then  be  flowing  in  the  same  direction,  and  the  floating  helix 
being  comparatively  large  and  its  movements  not  restricted,  it  will 
not  come  to  rest  until  it  has  threaded  itself  on  to  or  over  the 
other  spiral.  Such  a  spiral  or  helix  of  wire  acts  as  if  the  force 
resided  at  its  extremities,  which  are  termed  its  'poles,'  trnd  it  is  for 
this  reason  that  this  form  of  spiral  is  called  a  solenoid. 

Now  the  strength  of  an  electro -magnetic  field  may  be  measured 
by  the  density  of  its  lines  of  force  or  the  number  contained  in  % 
given  area.  From  the  experiment  shown  in  fig,  34,  it  is  clear  that 
the  lines  are  much  denser  near  the  wire  than  at  a  distance  from  it. 
This  is  also  the  case  when  the  wire  is  coiled  up  into  a  helix.  The 
greater  part  of  them  there  form  little  circles,  closely  embracing  the 
wire  from  which  they  are  generated,  and  comparatively  few  of 
these  circles  of  force  pass  through  the  space  at  the  ends  or  poles 
of  the  solenoid,  where  the  force,  generally  speaking,  appears  to  be 
concentrated.  It  will  be  evident  that  if  we  can  by  any  means 
divert  the  circles  of  force  so  as  to  com]>el  more  of  them  lo  pass 
through  the  ends  of  the  solenoid,  then  its  eflective  strength  will 
be  greatly  increased. 

Experiment  has  demonstrated  that  iron  olTers  a  far  easier  path 

these  lines  of  force  than  the  air  does — so  much  easier,  in  fact, 

they  will  alter  their  circular  shape  and  extend  a  considerable 

from  their  respective  portions  of  the  wire  tn  order  to  nafa 
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through  a  piece  of  iron.  This  affords  us  a  ready  means  of  leading 
the  lines  (o,  and  concentrating  them  at  almost  any  point  wre 
please.  It  may  be  mentioned  that  the  relative  facility  with  which 
the  lines  offeree  are  propagated  by  good  soft  iron,  or  the  electro- 
magnetic conductivity  of  the  iron  as  compared  with  that  of  air, 
may  be  as  high  as  .o  ooo  to  i 

If  then  we  place  a  bar  of  iron  mside  a  solenoid  a  large  per- 
centige  of  the  tmcs  of  force  lose  their  Lirruhr  lorm  ind  passing 


I 


through  this  iron    core    {as  it  is  called)  thej  lea\c  it  it  its  ends    1 
to  complete  their  excursion  round  the  wire  from  which  thej  wtre 
ecneratcd     An  example  of  this  action  of  iron  is  shown  in  fig  39,' 
which  illustrates  the  field  developed  by  a  powerful  current  travel- 
ling through  a  solenoid  of  a  few  turns,  having  a  core  of  compara- 
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^m     liwly  small  dimensions.    Were  a  larger  or  more  massive  core  K 
^H      be  introduced,  even  more  of  the  lines  of  force  would  exieodl 
^P      themselves  through  the  iron  instead  of  circulating  in  the  immediate  | 
vicinity  of  the  wire. 

Filled  with  these  iron  cores,  the  strength  of  the  action  betireeafl 
two  solenoids  is  enormously  increased.     But  here  we  must  isnieij 
word  of  warning.     It  must  not  be   supposed   that   because  i 
thus  increase  the  pobr  strength  of  the  solenoid,  we  have  even 
the  slightest  degree  augmented  the  el ectio- magnetic  force  il 
U'iih  a  given  current  and  a  given  length  of  wire,  that  force  il 
constant  quantity,  the  sum  total  of  which  cannot,  la  any  s 
the  word,  be  increased  by  the  addition  of  a  mass  of  iron,  or  ev! 
by  any  variation  in  the  disposition  of  the  wire,  whether  we  wind 
into  a  spiral,  a  solenoid,  or  use  any  other  device.     Were  we  able  I 
augment  the  total  force  by  any  of  these  means,  there  would  be  i 
end  to  the  law  of  the  conservation  of  energy,  which,  as  has  alreai 
been  pointed  out,  declares  that  when  any  one  force  is  produc 
or  developed  it  can  only  be  at  the  exjJcnse  of  an  equal  amount 
energj-  previously  existing  in  another  or  a  similar  form.     Force 
indestructible  ;  neither  can  we  create  it.     The  doctrine,  tlierefoi 
so  frequently  laid  down  that  the  introduction  of  an   iror 
increases  the  elect ro-m^ne tic  strength  of  a  coil  of  wire,  i. 
leading.     The  only  means  of  increasing  that  strength  or  force 

I  by  increasing  the  current,  or,  what  amounts  lo  the  same  thing,  1 
increasing  the  length  of  wire  and  increasing  the  battery  power 
sufhcient  proportion  to  maintain  the  same  current  strength.  I 
us  slate  positiv'eiy,  even  at  the  expense  of  a  little  reiteration,  tli 
what  we  really  do,  by  the  introduction  of  the  iron  core,  is 
concentrate  a  much  larger  proportion  of  the  available  force 
those  points  where  it  acts  at  tlic  greatest  advantage,  namely,  al 
poles  of  the  solenoid.  We  would  impress  upon  the  student  d 
necessity  for  ever  keeping  these  facCs  dearly  in  mind. 

The  amount  of  attraction  oc  repulsion  exhibited  by  t 
solenoids  furnished  with  their  iron  cores  might  be  used  as 
means  of  measuring  current  strength,  but  the  arrangement  is  i 

■convenient  one,  owing  chiefly  to  the  difficulty  in  obtaining  p 
tt.  freedom  of  motion,  the  liability  of  variation  in  the  cum 
■Bgth,  and  the  varying  properties  of  the  iron. 
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Were  it  not  for  these  disadvantages  wc  could  keep  the  electro- 
magneiic  force  of  one  of  the  solenoids  constant,  and  send  the 
cuncnts  to  be  compared  and  measured  through  the  other.  But 
here  Nature  comes  in  to  aid  us,  for  it  is  found  that  if  a  piece  of 
hard  iron  or  steel  is  used  as  a  core  for  the  solenoid,  it  retains 
more  or  less  permanently  a  brge  portion  of  the  electro -magnetic 
properties  originally  produced  by  the  current.  The  power  or 
■:li!y  of  retaining  such  elTccts  or  properties  is  known  as  the 
i.:entivity'  of  the  iron  or  steel,  and  depends  entirely  upon  its 
i.mical  composition  and  mechanical  or  molecular  structure. 
I  IS  retemivity  fs  the  same  property  as  that  hitherto  known  as 
■  iurcive  force,'  which  was  certainly  a  misnomer  and  a  libel  upon 
'  ■-■  nietal.  If  retentivity  corresponds  to  anything  al  all,  it  is  to 
•icriia  rather  than  to  anything  that  can  fairly  be  described  as 
Coercive.  The  similarity  to  mechanical  inertia  is  seen  in  the  fact 
that  those  samples  which  transmit  the  lines  of  force  freely,  retain 
scarcely  any  of  the  influences  producible  by  them,  while,  on  the 
other  hand,  hard  iron  and  steel,  which  resist  the  propagation  of 
the  lines  of  force,  resist  equally  well  the  vanishing  of  these 
lines  after  the  cessation  of  the  current  which  called  them  into 
esisicnce. 

A  piece  of  iron  or  steel  which  acquires  and  so  retains  the 
power  of  acting  as  a  solenoid,  is  called  a  permanent  magnet,  or 
simply  a  magnet,  and  its  extremities  are  also  called  poles.  The 
lines  of  force  still  enter  and  leave  the  steel  as  they  did  before  it 
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i^s  removed  from  the  helix,  the  direction  being  shown  in  fig.  40. 
Tlie  end,  s,  at  which  they  enter  is  called  the  south-seeking  pole  of 
the  magnet,  and  the  other  its  north-seeking  pole. 

The  actual  arrangement  imparted  to  iron  tilings  sprinkled  on  a 
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eheet  of  paper  placed  over  a  permanent  steel  magnet  is  beautifullj' 
illustrated  in  fig.  41.  Such  a  distribution  of  ihe  filings  would  lake 
place  in  any  plane  parallel  to  the  axis  of  the  magnoi,  for  the  lines 
of  force  radiate  from  the  poles  similarly  in  all  directions.    Tht 


^^sle 
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distribution  observed  when  the  paper  is  placed  on  ihe  end  of  ilie 
magnet  and  at  right  angles  to  its  axis  is  shown  in  fig.  43. 

If  we  know  the  direction  in  which  the  current  passes  rounds  1 
piece  of  iron  or  steel,  it  is  easy  to  predict  the  direction  of  in  I 
polarity ;  for  if  we  look  at  the  end  of  the  bar  and  the  current  is  I 
then  flowing  round  it  in  a  right-handed  direction,  as  in  fig.  45, 
that  end  will  be  a  south-seeking  pole  ;  but  if  the  current  flow  111 
a  left-handed  direction,  as  in  fig.  44,  that  end  will  be  a  norih- 
seeking  pole. 

It  is  the  practice  to  enter  into  a  detailed  description  of  the 
diflference  between  right- and  left-handed  helices  with  a  view  10 

tfacilitating  a  recollection  of  the  electro-magnetic  polarity.  Thus 
«  left-handed  helix  (fig.  45)  is  one  in  which,  from  whichever  end 
!ie  current  enters,  it  will  travel  in  the  opposite  direction  b  thai 
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by  the  hands  of  a  clock,  and 
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a  south  pole  and  the  other  a  north  pole.  But  all  this 
fluous.  It  is  sufficient  to  regard  the  cause  and  effect  ii 
Indicated  in  the  preceding  paragraph. 

FiC  4i- 


IS  super- 
the  nay 


It  is  noteworthy  that  two  magnets  act  one  upon  the  other  in 
precisely  the  same  manner  as  two  helices  or  a  helix  and  a  magnet, 
for  in  every  case  the  movement  or  motion  imparted  is  such  as 
will  tend  to  make  the  lines  of  force  coincide.  Thus,  if  one 
magnet,  a  (fig.  47),  is  brought  near  another,  b,  which  is  suspended 


by  a  thread  or  pivoted  on  a  needle-point  at  c,  so  that  it  can  turn 
freely  about  its  centre,  the  force  exerted  between  them  will  en- 
deavour to  make  the  suspended  needle  take  up  such  a  position 
as  to  allow  the  lines  of  force  due  to  both  magnets  to  pass  through 
them  in  the  same  direction.  This  will  happen  when  the  magneis 
are  in  line  and  when  their  opposite  poles  are  adjacent,  as  shown  in 
fig.  47.  In  other  words,  there  will  be  repulsion  between  similar 
magnetic  poles  and  attraction  between  dissimilar  ones. 

If,  however,  both  magnets  are  allowed  perfect   freedom  of 
motion,  their  ultimate  position  will  be  that  shown  in  (ig.  48,  the 


N 


mag 

^^int: 


magnets  then  lying  side  by  side  with  iheir  dissimilar  poles  adjae 
In  this  position  the  coincidence  of  the  lines  of  force  is  at  a  11 

lum,  that  is,  the  lines  due  to  each  magnet  turn  round  at  the  O 
pass  through  the  other,  and  in  so  doing  assume  the  e 

ilh  for  their  completion.     If  pieces  of  soft  iron,  called  a 
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^H       relatively  near,  but  actually  at  some  distance  Trom,  (he  geograpl 
^B      cal  poles.     If  a  magnet  needle  were  suspended  so  that  it  c 
^P        turn  freely  in  a  vertical  plane,  it  would,  with  a  plane  of  rotatia| 
east  and  west,  point  vertically  downwards  with  its  north  pole  ; 
if  the  plane  of  rotation  were  north  and  south,  the  needle  woi 
in  London,  come  to  rest  with  the  norih-secking  pole  dippipg 

I       downwards,  and  making  an  angle — known  as  the  angle  of  incliiui<1 
tion  or  dip— of  about  67^°  with  the  horizon.     If  another  inagne(J 
were  suspended  or  balanced  on  a  pivot  in  a  horizontal  plane,  tl 
needle  would  set  itself  approximately  north  and  south,  the  nortt 
seeking  pole  pointing  to  the  north  magnetic  pole  of  the  e 
The  axis  of  the  magnet— that  is,  the  straight  line  Joining  il 
poles— would  actually  make  an  angle— known  as  the  angle  ^ 
declination— of  about  18°,  with  the  geographical  meridian  passing 
through  its  centre.     It  will  be  observed  that  there  is  here  a  casCtl 
of  attraction  between  the  north  pole  of  the  earth  and  the  north  J 
seeking  pole  of  the  magnet;  but  this  is  no  contradiction  of  the  I 
that  similar  poles  repel  and  dissimilar  attract,  inasmuch  e 
magnetic  projiertiea  of  the  north  pole  of  the  earth  are  In  all  respef 
the  same  as  those  of  the  south-seeking  j.iole  of  a  magnet 
earth's  total  magnetic  force  can  be  resolved  into  two  componet 

1^,^^  at  right  angles  to  each  other,  one  acting  in  a  v 

^ ^  direction,  tending  to  depress  the  north-seeking  p 

t\B  I     of  the  needle,  the  other  acting  in  a  horizontal  din 

\  tion  and  striving  to  make  it  point  north  and  s 

\  Their  relative  values  may  be  found  by  the  &mili 

parallelogram  of  forces  (see  fig.  49).     The  line  a  b 
drawn  making  an  angle  0  with  the  horizontal  eqn 
to   the  angle   of  inclination,  and    the    right-angl 
parallelogram  which  has  a  b  for  a  diagonal  (. 
"  pleted  with  its  sides  horizontal  and  vertical.    The 
if  A  B  represents  in  length  the  magnitude  of  the  total  magna 
force,  A  c  and  a  d  will  be  proportional  to  the  horizontal  and  n 
tical  components  respectively. 

When  the  magnet  is  so  balanced  that  it  can  only  move  ii 
horizontal  plane,  then  a  large  proportion  of  the  force — vir. 
vertical  component — is  simply  exerted  in  pressing  the  magnet 
its  support.    The  remainder,  or  the  horizontal  component  only 
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effective  in  making  the  magnet  point  towards  the  magnetic  north 
and  south.  On  the  other  hand,  when  the  plane  of  a  dipping 
needle  is  al  right  angles  to  the  magnetic  meridian,  or  to  t^e  direc- 
tion of  the  earth's  lines  of  force,  the  vertical  component  only  is 
active,  and  the  magnet  points  vertically  downwards,  the  horiKonCal 
component  spending  its  force  in  pressing  the  pivots  against  their 
bearings,  vainly  striving  lo  urge  the  needle  round  into  the  direction 
'if  ihe  dip.  A  horizontally  balanced  magnetic  needle  is  useful  in 
>'  ing  out  the  direction  of  these  north  and  south  magnetic  poles 

!ti  consequence  of  the  immensity  of  the  earth  as  a  magnet,  its 
magnelic  field  is  practically  uniform  over  any  small  space— that  is, 
Us  lines  ol  \o\i:<is,K parallel  ^T\A  equidistant.  It  follows,  therefore, 
that  the  poles  of  a  needle  floating  Fiu.  50. 

on  water  are  attracted  or  repelled     C 
Miih  equal  force  in  any  position, 
ind,   as  a  consequence  of  this, 

■    iiL-cdle  does  not  move  bodily  am         0  -"'- ,  |b 

..irds  the   north  pole   of  the  T 

li.  but  is  simply  directed  So 
-.  ;j  point  north  and  south.     It  ! 

-luay  be  staled  that  it  is  a  well- 
known  law  in  mechanics  that  when  two  equal  forces,  parallel  but 
opposite  in  direction,  act  at  the  ends  of  a  rigid  bar,  they  tend  to 
Xasa  it  round  its  centre.  The  turning  effect  is  greatest  when  the 
faces  act  at  right  angles  to  the  bar,  as  do  c  and  d  in  fig.  50,  a  b 
bdng  the  rigid  bar.  The  amount  of  this  turning  effect  M  is  equal 
to  the  sum  of  each  of  the  two  forces  multiplied  by  its  distance 
from  the  centre— that  is, 

M  =  (CXOa)  -1-  (DXO  Ei), 

whence,  c  being  equal  to  D, 

M  s=C(o  A-t-O  1))— that  is,  M  =  CXA  II, 

ut  the  product  of  one  of  the  equal  forces  into  the  perpendicular 
distance  between  them. 

Such  a  pair  of  equal  forces  is  called  a  couple,  the  perpen- 
dicular distance  between  their  direction  being  called  the  arm  of 
fhc  couple  ;  and  the  turning  effect,  m,  as  measured  by  the  product 
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of  one  of  the  forces  into  the  ami,  is  the  moment  of  the  coujilc 

As  the  bar  turns  round  or  rotates,  the  moment  m  is  decreased,  the 
forces  being  the  same  hut  acting  at  less  advanlage— in  olticr 
words,  the  leverage  is  reduced.  This  will  be  more  evident  inm  a 
consideration  of  lig.  51,  where  the  moment  of  the  couple  is 
C  X  A  E,  the  new  perpendicular  between  the  forces. 

Reverting  once   more   to   the  experiment  with    the  floaiing 
needle,  if  we  call  the  strength  of  one  of  the  poles  of  the  needle  w, 
Fio.  ji.  and  let  H    represent  the  horizont.il  com- 

ponent of  the  earth's  magnetic  field,  then 
the  force  acting  on  each  end  of  ihe  needle 
is  «  X  R.  If  we  place  the  needle  so  a*  lo 
point  east  and  west,  the  arm  of  the  couple 
■  is  equal  to  the  full  length  /  of  the  needle, 
whence  the  moment  is  m  x  H  x  /.  This 
nionicnt  decreases  as  the  needle  moves 
round  towards  zero,  or  that  position  in 
1^'hich  it  is  [minting  north  and  south.  The 
moment  is  then  reduced  to  nothing,  U 
^  becoming  w  x  h  x  o,  because  the  length  of 
the  ami  is  nothing;  consequently,  the 
needle  remains  at  rest. 

Now,  we  can  cause  any  current,  the 
strength  of  which  we  may  desire  to  measure,  to  develop  el  field  of 
strength  /  at  right  angles  to  the  earth's  directive  force  —  thai  is  to 
say,  we  can  cause  the  current  to  travel  north  and  south,  and  liy 
so  doing  deflect  a  magnetic  needle  from  its  zero  position.  Then 
the  new  force  acting  on  each  end  of  the  needle  will  be  «  x/  where 
ffi  is  the  strength  of  the  magnet  pole  ;  and,  the  length  of  the  arm 
being  calculated  as  before,  the  moment  will  be  in  xf  multiplicJ 
by  that  arm.  Manifestly,  the  needle  will  come  to  rest  when  the 
moment  of  ttie  couple  due  to  the  current  is  equal  to  that  due  to 
the  earth. 

Let  the  needle  n  s  (fig.  52)  be  so  deflected  by  a  current, 

and  make  an  angle,  nob,  called  the  angle  of  deflection,  with  the 

metic  meridian  a  b.     This  angle  n  o  b  is,  of  course,  equal  10 

Bifle  N  s  u.     Let  this  angle  be  called  a°,  and  let  /  be  the 

[th  of  the  fleld  due  to  the  current,  the  direction  of  the  aelion 
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of  which  is  indicated  by  the  arrows  d  h  and  f  g.  d  s  is  then  ' 
ihe  perpendicular  distance  between  these  directions,  whence  the  \ 
moment  of  the  couple  due  to  the  current  is  m  x/x  d  s. 


By  similar  reasoning  it  will  be  seen  that  the  moraent  of  the 
iple  due  to  the  earth  is  m  x  ii  x  n  d.  Now,  if  the  needle  lias 
med  a  state  of  rest,  showing  that  the  moments  of  these  two 
piples  are  equal,  it  follows,  as  a  mailer  of  course,  that 

m  x/x  D  S=w  .  H  X  N  D, 
d  (by  cancelling  and  dividing) 

D  S 

'    The  ratio  is  called  the  tangent  of  the  angle  n  s  d,  which, 

Tgain,  is  equal  to  the  angle  of  deflection  b" — that  is  to  say, 
/=Htan<7". 
This  strength  of  Seld,/  is  proportional  to  the  current  producing 
it ;  therefore  the  current,  c,,  is  likewise  proportional  to  h  tan  a". 

And  this  will  be  true  of  all  currents  and  all  deflections,  so  that 
if  we  let  a  second  current,  Cj,  cause  the  needle  to  be  deflected 
through  the  angle  b°,  then  Cj  must  be  proporlional  to  H  tan  b". 
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^m      Consequently,        c,  :  c,:;  M  tan  a" ;  h  lan  t". 

H       thai  is,                   c,  :c,::     tana":      tan  ^°, 

^B       or  the  two  currents  are  directly  proportional  to  the  tangents  of  ihe 

^1        angles  throuffh  which  they  deflect  llie  needle.     By  rclcrring  to  a 

^M        tabic  such  as  is  here  given,  we  can  find  the  numerical  value  of  the 
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iingents  of  these  or  other  angles,  and  so  can  easily  compare  ihc 

strength  of  the  currents. 

^L             An  instrument  which  will  enable  us  to  make  these  comparisons 

^1       is  called  a  tangent  galvanometer ;  but  in  order  to  obtain  accural*; 

V       results  one  important  point  must   be  carefully  attended   to  in 

^^  designing  the  instrument,  for  the  foregoing  proof  only  holds  yood 

^^^L  when  the  two  forces  forming  a  pair  act  parallel  to  each  oilier  in 

T'iti,!^t'itt  Galvanometer 
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ly  and  every  posilion  of  the  needle.  This  means,  in  sliorl,  that 
ic  field  due  lo  the  earth,  and  that  due  to  the  current,  must  be 
niform  throughout  the  entire  space  in  which  the  needle  can  be 
lOved.  Fortunately,  we  can,  by  using  a  very  short  needle,  make 
lis  space  proportionally  small,  and  thereby  render  the  problem 
jMcr.  The  earih's  field,  as  has  been  already  stated,  is  uniform, 
I  lliat  due  to  a  current  is  far  from  uniform,  more  particularly 


£  immediate  vicinity  of  the  wire,  consui|Utnt  on   the  very 

i  curvature  of  the  lines  of  force.     However,  as  we  get 

if  away  from   the  wire,  these  lines  approximate  more  and 

10  straight  lines,  and  if  we  bend  the  wire  into  a  ring  of  large 

re  shall  find  a  small  space  at  its  centre  where  the  lines 

e,  to  all  intents  and  purposes,  straight  and  parallel.     In 

is  shown  a  horizontal  view  of  the  ring  and  of  the  distribu- 

1  lines  of  force  in  the  field.     The  twu  elhp=ej  repre- 
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purpose  uf  obtaining  ascnsilile  deflection  with  coiniwrauvely  weak 
currents.  Bui  this  difficulty  can  be  easily  overcome,  for  we  can 
increase  the  length  of  the  wire,  without  increasing  the  distance 
from  llie  needle,  by  the  simple  device  of  coiling  it  round  the  needle 
a  number  of  times.  Since  the  effect  on  the  needle  varies  directly 
as  the  length  of  a  wire,  and  the  length  of  a  wire  of  two  turns  is 
double  that  of  one  turn,  the  effect  on  the  needle  is  doubled  also; 
in  other  words,  the  effect  on  the  needle  varies  direcUy  as  the 
number  of  turns  of  wire  in  the  coil.  It  follows  that,  with  equal 
currents,  a  6-inch  coil  of  one  turn  will  give  the  same  deflection  a 
a  1 3-inch  coil  of  two  turns. 

It  must  be  remembered,  however,  thai  if  the  number  of  con- 
volutions is  increased  to  any  great  extent  (he  resistance  becooKS 
considerable,  and  the  very  act  of  inserting  the  gabanomeler  in  a 
circuit  may  decrease  the  current  we  desire  to  measure. 

Bearing  all  these  points  in  mind,  we  will  now  consider  a  really 
practical  instrument  for  the  measurement  of  current  strength, 
selecting  for  description  the  pattern  which  is  undoubtedly  the  bc^ 
yet  constructed — viz.  the  Post-Office  tangent  galvanometer.  A 
general  view  of  the  instrument  is  shown  in  flg.  54. 

The  casing  is  of  brass.  The  mean  diameter  of  the  coil  is 
6^  inches  ;  the  width  of  the  channel  in  the  brass  ring  which  con' 
tains  the  wire  is  j?j  inch,  and  its  depth  I  inch.  The  length  of  tht 
needle,  which  is  carefully  pivoted  with  agate  on  an  iridium  point, 
is  J  inch. 

As  this  needle  is  loo  short  to  indicate  its  own  deflections,  it 
carries  a  light  pointer  of  gilt  copper  wire,  about  5  inches  in  length, 
fastened  to  it  at  right  angles.  This  pointer  moves  over  an  en- 
graved circular  scale  plate,  one  half  of  which  is  divided  in  degrees, 
the  other  half  into  divisions  corresponding  to  the  tangents  of  those 
degrees,  as  shown  in  fig.  55. 

It  may  be  of  service  to  some  if  we  refer  here  to  the  manner  in 
which  this  tangent  scale  is  constructed. 

Let  the  quadrant  o  L  (fig.  56),  represent  a  portion  of  the  circle 
along  which  the  scale  is  to  be  marked,  and  let  c  o  be  the  radius 
along  wliich  the  index  needle  is  to  point  when  at  rest  and  when 
no  current  is  circulating  through  the  coil  of  the  instrument.  Then 
<liaw  the  taiiijenl  line,  o  a,  that  is  to  say,  a  line  at  right  angles  to 


ipaialivdy  slrorig  cijin.iiis  c:tn  alTuct  ihc  ncL-dle,  and,  as  we 
;  sten,  wc  ate  ii(oliibiti;il  from  rLcJuring  [his  diamtler  for  the 
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reading  the  observer  may  let  the  pointer  cover  its  own  reflc(ai«( 
when  he  will  be  assured  that  he  is  looking  vertically  down  upon 't^ 
avoiding  thereby  any  error  due  to  parallax— that  is  to  say,  i 
inaccuracy  in  reading  caused  by  looking  at  the  pointer  side«fl 
-A  lever,  operated  by  a  small  switch  extending  Uirough  die  bM 
-which  carries  the  needle  and  scales,  is  provided  for  lifting  the 
needle  otT  its  pivot  when  not  in  use.  There  is  also  a 
adjustable  magnet  which  slides  on  a  brass  rod  over  the  nee 
and  is  used  for  varying  the  sensibility  of  die  instrument  ll 
may  appear  to  be  a  step  backwards  from  the  beautifully  sinif 
thesis  upon  which  the  instrument  is  constructed.  If  there  wt 
no  good  reason  for  introducing  this  '  controlling '  magnet  to  w 
the  sensibihty  of  the  instrument,  the  wisdom  of  its  introductioi 
would  be  (juestionable.  But  it  must  be  remembered  that  the 
are  several  hundreds  of  the^e  instruments  in  use  throughout  tl 
country,  and  if  it  is  known  that  a  reading  of  twenty-five  d 
corresponds  in  every  case  to  a  current  of  i  milliamperc,  ll 
direct  value  of  any  other  reading  can  be  confidently  estimate 
The  controlling  magnet,  when  placed  with  its  S.  pole  over  the  K 
pole  of  the  needle,  assists  the  directive  force  of  the  earth's  magnetin 
and  reduces  the  sensibility,  and  vice  versd.  Either  effect  majr  bi 
varied  by  sliding  the  magnet  up  or  down  the  rod. 
the  needle  will  move  from  zero  with  the  weakest  current  whendl 
magnet  is  placed  at  the  bottom  of  the  rod  with  its  poles  oppo 
the  earth's  magnetism. 

A  reference  to  fig.   57   will    make  the  conception  of  i 

electrical  portion  of  the  instrument  easier.     There  are  three  aq 

rate  coils  of  wire  in  the  brass  ring,  or  bobbin,  the  ends  of  H 

being  brought  down  through  the  hollow  pillar  and  coniua 

under  the  base  of  the  instrument  to  their  respective  tennii 

screws,  as  shown  in  plan  on  the  figure.     Between  the  terminals 

and  D  is  a  coil  consisting  of  three  turns  of  thick  wire  ;  betweoi: 

B  and  E  are  twelve  turns  of  similar  wire,  wound  in  the  oppo^ 

■  .direction,     If  the  current  be  sent  from  c  to  e,  we  get  nine  III 

Racting  on  the  needle,  for  three  of  the  twelve  turns  are  neuiraSE 

^^■y  the  three  in  the  opposite  direction  between  c  and  D.    T 

^^■^stance  of  these  coils  is  negligibly  low,  so  that  we  i 

^^^■et  the  effect  from  three,  nine,  or  twelve  turns  without  varf 
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iglh  of  the  current  The  other  coil  coniists  of  a  great 
lums  of  fine  silk-covered  wire  lis  resistance  is  exactly 
One  end  of  it  is  joined  to  terminal  b,  and  the  other 
the  middle  brass  block,     Bj  inserting  a  brass  plug  in  the 


Dd  hole,  the  end  of  the  coil  attached  to  the  middle  block  is 
aed  to  terminal  a  direct.  If,  however,  this  plug  is  removeii, 
t  in  travelling,  say,  from  n,  has  to  pass  through  an 
bfnal  resistance  coil  of  750  ohms  (which  is  fixed  under  the 
f  the  instrument)  before  it  reaches  terminal  a.  Under  ihese 
IBtances  the  total  resistance  between  a  and  b  is  1,070  ohms, 
e  now  a  single  Daniell  cell,  whose  resistance  is  compara- 
bw,  to  be  joined  to  terminals  a  and  b.     By  Ohm's  law  the 


s  equal  to 


I '07  volts 
070  ohms' 


mpere — that  is, 


milli- 


;  resistances  are,  in  fact,  calculated  for  use  with  a  single 
II  cell  as  a  standard.  We  can  always  immediately  produce 
in  which  we  know  to  be  that  due  to  1  milliampere 
rent,  and  find  the  val_ue  of  any  other  current  by  observing 
xtion  under  similar  conditions.  A  small  key  is  fixed  on 
B  of  the  instroment  ;  when  depressed  it  connects  a  and  b 
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as  will  be  seen  from  ii^-.  57,  or,  in  the  usual  language,  it  sbort- 
circuiis  the  coils.     It  is  used  for  checking  the  oscillations  of  the 

needle  and  bringing  it  quickly  to  rest. 

It  is  sometimes  required  to  measure  a  current  so  strong  thai 
the  deflection  is  inconveniently  high.  In  this  case  a  part  of  ihe 
current  may  be  '  shunted,'  or  provided  with  an  alternative  path, 
or,  more  correctly  speaking,  a  by-path,  so  that  only  a  portion  of 
the  current  shall  go  through  the  galvanometer,  the  rest  going 
through  the  shunt.  It  is  necessary,  however,  to  know  eitactly 
what  fraction  of  the  total  current  is  passing  through  the  insira- 
mcnt  and  what  through  the  shunt  If  we  join  the  ends  of  the  coil 
by  a  shunt  equal  to  it  in  resistance,  then  the  current  will  diviJe 
equally  !)elween  the  two  paths,  and  only  half  of  Ihe  total  currmi 
will  be  measured.  If  the  resistance  of  the  shunt  be  \  thai  of 
the  galvanometer,  then  ,"3  of  the  current  will  pass  through  itn; 
shunt  and  the  other  tenth  through  the  galvanometer.  Id  this 
case,  therefore,  the  total  current  will  be  ten  times  that  measured 
by  the  deflection  of  the  needle. 

The  instrument  we  are  now  describing  is  provided  with  such  a 
shunt ;  its  resistance  is  ^^  ohms,  and  fig.  57  clearly  shows  hon  it 
may  be  brought  into  play  by  inserting  a  plug  in  the  right-hand 
hole,  thus  connecting  together  the  middle  and  right-hand  blocks- 
Suppose,  when  the  adjustment  is  such  that  1  milliamjjere  gives 
twenty-seven  tangent  divisions,  that  we  insert  this  tenth  shunt, 
and  then  with  a  current  of  unknown  strength  obtain  eighty-one 
divisions.  The  current  flowing  round  the  galvanometer  is  mani- 
festly 3  milljamperes,  but  this  is  only  I'o  of  the  whole,  consequently 
the  total  current  is  30  milliamperes. 

In  order  to  reduce  the  current  flowing  through  a  galvanometer 
to  any  fraction  of  its  full  value,  say,  to    ,  the  resistance  of  the  shunt  J 


necessary  to  produce  that  result  must  be 


V 


that  of  the  gak  | 

vanometer.     A  moment's  reflection,  however,  will  make  it 
thtt  the  introduction  of  a  shunt  reduces  the  resistance  of  the  circuil 
may,  therefore,  cause  a  considerable  and  material  increase  ^ 
:uirent  strength.     Where  this  increase  of  strength  is  1 
the  introduction  of  extra  resistance  suflii.  lent  to  compens 
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r  '.lie  fall  caused  by  the  shuniing  becomes  necessary,  the  problem 

ng  to  ascerlain  exactly  how  much  compensating  resisiaiice  is 

V  [ulitd.     By  the  laws  of  the  joint  resistance  of  two  parallel  wires, 

'  '■jiLiincd  in  Chapter  II ,  the  joint  resistance  of  the  galvanometer, 

G,  and  the  shunt,  s,  will  be  equal  to  — — .     Now,  the  resistance 

of  s  has  just  been  shown  to  be  part  of  G,  or ,  that  is, 

ifonly  a  tenth  of  the  current  is  to  pass  through  the  galvanometer, 
the  shunt  resistance  should  be part  of  the  galvanometer 

Wsutancc  O.     That  is  to  say,  5  = ,  and  inserting  this  value 

wetct— 


G  +  - 


on^s^ 


■■■iii'.-h  is  ciual  to  -. 

So  that  the  joint  resistance  of  a  galvanometer  coil  of  320  ol 

ill]  its  tenth  shunt  will  be  °  =  ^  =  3a,  whunce  it  follows  that 
«         10 

i.i:  reduction  in  resistance  due  to  the  use  of  the  shunt  amounts 
'1 ,  or  320  —  32  =  2S8.     388  ohms  is,  therefore,    in   this 

■  I't  the  resistance  that  it  would  become  necessary  to  introduce  in 
-rrLr  to  restore  the  resistance  ot  the  circuit  to  the  same  value 
,ii  it  had  prior  to  the  introduction  of  the  shunt.  And,  generally, 
■!  may  be  said  that  the  introduction  of  a  shunt  reduces  the  resist- 
iiii:c  of  the  circuit  to  the  extent  of  "  ~  ^  g,  and  that  amount  of 

!>iMance  will  need  to  be  inserted  to  re-establish  the  conditions 

('  the  circuit.     In  short,  this  compensating  resistance  is  equal  to 

J  Jiffeteiiie  between  the  resistance  of  the  galvanometer  alone 

id  of  the  galvanometer  shunted. 

When  great  accuracy  is  desired,  ali  the  readings  on  the  tangent 

galiaaomctLT  should  be  Ukcn  with  the  needle  delltcted  as  nearly 


lloS 
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s  possible  through  an  angle  of  45'.  The  reason  for  this  is,  that 
any  given  variation  in  the  strength  of  the  current  will  produce  3. 
greater  effect  on  the  needle  when  it  is  in  that  position  than  when 
in  any  other,  or,  in  other  words,  the  sensitiveness  of  the  instru- 
ment is  then  at  its  maximum.  For  instance,  if,  when  the  needle 
were  deflected  through  45°,  an  increase  of  the  current  by  one- 
twentieth  gave  an  increase  of  half  a  degree  in  the  deflection,  a 
similar  increase  in  the  current  when  the  needle  stood  at  to"  Ot  80' 
would  not  be  indicated  at  all,  or  rather,  the  deviation  would  not 
be  discernible. 

Every  galvanometer  has  a  definite  angle  0/  maximum  stnsitke- 
Mess,  or  such  an  angle  of  deflection  that  with  a  small  accretion  rA 
current  there  will  be  a  larger  divergence  than  when  the  needle  t) 
at  any  other  point  on  the  scale.  The  mathematical  demonstialioo 
of  the  existence  of  this  angle  would  be  somewhat  beside  the  sn^ 
of  this  work,  but  we  may  repeat  that  for  every  tangent  galvanometer 
the  angle  of  maximum  sensitiveness  is  45°.  We  should  always 
endeavour,  therefore,  when  using  this  instrument  to  get  the  At- 
flection  as  near  45°  as  possible,  or  when  comparing  two  cuncnls 
gel  the  deflections  at  equal  distances  on  either  side  of  this  point. 
It  has  already  been  pointed  out  that  it  is  very  convenient, » 
would  say  more,  it  is  necessary,  in  practice  to  be  able  to  detenninc 
immediately  the  value  in  amperes  or  milliamperes,  to  which  some 
particular  deflection  of  the  needle  corresponds,  and  it  will  bl 
remembered  that  with  a  Daniell  ceil  as  a  standard  a  current  0 
I  miliiampcre  may  be  immediately  produced. 

The  Latimer- Clark  cell  is  less  liable  to  variation  and  is  mud 
more  trustworthy  than  the  Daniell  when  used  with  a  very  hi^ 
external  resistance.  Although,  in  order  to  obtain  the  most  a 
rate  results,  this  cell  should  only  be  employed  in  those  tesi 
where  it  is  not  allowed  to  send  any  current  at  all,  its  portabili^ 
and  the  fact  that  it  is  always  ready  and  in  good  order  are  sue 
important  advantages  that  it  is  frequently  used  in  such  a  test  i 
the  preceding,  under  conditions  which,  perhaps,  render  it  D 
more  accurate  than  the  Daniell.  Its  resistance,  which  is  as  a  rul 
considerable,  should  be  known,  and,  by  using  an  extra  coil,  ifa 

distance  in  circuit  can  then  be  made  1,435  ohms.     The  eleclro- 
btive  force  of  one  of  these  cells  being  1-435  volt,  it  follom 
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that  through  the  resistance  of  1,435  ohms  it  will  yield  a  current 
of  exactly  1  milliampere,  or, 

-  '*^'  =  '001  ampere. 
1.435 

The  foregoing  applies  to  a  galvanometer  with  a  tangent  scale 
constructed  so  that  ils  zero  point  is  in  the  centre,  as  is  the  case 
with  the  inner  scale  on  the  tangent  divisions  side  in  fig.  SS-  But 
it  will  be  seen  that  in  this  figure  there  is  an  outer  scale  also  of 
tangent  divisions,  but  with  the  zero  point  at  the  extreme  left-hand, 
where  the  pointer  is  shown  resting.  This  outer  scale  is  known  as 
the  'sitew  scale,'  from  the  position  of  the  needle  when  at  zero, 
and  its  great  advantage  lies  in  the  fact  that  the  range  of  measure- 
ment is  double  that  of  the  ordinary  scale.  For  a  comparatively 
high  reading,  also,  the  deflection  can  be  read  with  greater  ease  as 
the  pointer  is  not  in  the  part  of  the  scale  where  the  divisions  are 
close  together.  It  is  true  that  a  small  deflection  cannot  easily  be 
read,  but  the  ordinary  scale  can  be  employed  for  this  if  necessary. 

Unfortunately,  the  tangent  galvanometer  is  but  little  suited  for 
the  measurement  of  very  powerful  currents  such  as  those  gene- 
rally employed  in  electric  lighting.  We  must,  therefore,  now  direct 
attention  to  an  instrument  which  will  answer  this  purpose,  and 
one  which  is  beautifully  simple  in  its  conception,  and  at  the  same 
time  remarkably  accurate  and  free  from  error.  It  is  based  upon 
the  simple  experiment  mentioned  at  the  commencement  of  this 
chapter,  viz.,  the  attraction  or  repulsion  which  takes  place  between 
two  wires  carrying  currents.  It  may  now  be  stated  that  the  force 
of  this  attraction  or  repulsion  is  readily  measurable,  being,  in  fact, 
proportional  to  -the  strength  of  one  current  multiplied  by  the 
strength  of  the  other,  provided  that  the  distance  between  the  two 
wires  remains  constant  If  we  suppose  the  currents  in  each  of  the 
wires  to  be  exactly  equal,  say  2  amperes,  then  the  force  may  be 
rqtresented  by  the  number  2x2  =  4.  Now  if  we  double  the 
current  strength  in  each  wire,  the  force  of  attraction  or  repul- 
sion will  be  4  X  4  =  16  ;  in  other  words,  when  the  current 
strength  En  each  is  doubled,  the  force  between  them  is  quadrupled. 
Similarly,  if  we  treble  the  current  in  each  wire,  or  make  it 
6  amperes,  then  the  mutual  force  will  be  6  x  6  =  36,  or  nine 
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ampere  and  the  torsion  applied  i6  divisions.  Then  if  a  current  J 
of  unknown  strength  be  sent  through  the  same  coil,  and  it  il  1 
necessary  to  apply  64  divisions  of  torsion  to  bring  the  rectangl 
back  to  icro,  the  latter  current  will  be  3  amperes  strength ;  for 
C|  :  Cj  :;  v/i6  :  v'64, 

that  is  as  4  is  to  S,  or  as  i  is  to  3. 

In  practice  such  calculations  would  be  exceedingly  incon? 
nient ;  the  makers,  therefore,  calibrate  the  insinimeot,  or  deU 
mine  what  strength  of  current  corresponds  to  the  various  oi 
of  torsion,  both  for  the  thin-  and  thick-wire  coils.     These  re 
are  tabulated  in  a  convenient  form  and  supplied  witli  the  id 
ment. 

On  referring  to  fig,  59  it  will  be  observed  that,  if  the  current 
reversed,  the  rectangle  will  still  be  deflected  in  the  same  directit 
because,  the  direction  of  the  current  in  all  the  sections  \x 
altered,  attraction  or  repulsion  will  take  place  between  the  sj 
limbs  as  before. 

The  instrument  can  therefore  be  used  to  compare  eid 
positive  or  negative  direct  currents,  or  even  alternating  cur 
— i.e.  those  whose  direction  is  rapidly  reversed.  The  poin 
attached  to  the  screw-head  should  always  stand  at  zero  when  I 
instrument  is  not  in  use,  otherwise  the  spiral  spring  will  take  up 
set  and  will  not  bring  the  rectangle  to  zero  when  the  pointer 
brought  there.  The  spring  will,  however,  gradually  recover  Eroi 
any  such  set  if  it  be  not  excessive. 

The  Siemens  dynamometer  is  a  very  accurate  instrument  who 
used  with  ordinary  care,  but  every  measurement  occupies  a  ccrtai 
amount  of  time,  foi  in  every  case  the  rectangle  has  to  be  brou^ 
back  exactly  to  zero,  the  amount  of  torsion  noted,  and  then  ■ 
table  referred  to,  to  ascertain  the  current  strength  to  which  m 
torsion  corresponds.  It  is  evident  that  an  instrument  wtfl 
immediately  indicates  in  amperes  the  strength  of  the  cuird 
flowing  is  far  more  convenient  to  use,  although,  unfortimuc^ 
a  direct -reading  instrument  has  not  yet  been  designed  which  wk 
be  relied  upon  for  any  length  of  time  to  be  as  accurate  aa  d 
fc-  Siemens  dynamometer.  J 

I        For  portability  and  the  rapidity  with  which  measurements  J 
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rton  and  Perry's  ammeter  (or  ampere-meier)  stands 
mt  rank. 

i  upon  the  fact,  that  a.  piece  of  soft  iron  placed  in 
letic  field  which  is  not  uniform,  will  be  urged  from  a  com- 
ely weak  into  the  strongest  part  of  the  field.  One  way  of 
g  the  action  is  to  consider  the  iron,  &t  (fig.  60),  as  a  magnet 
e  tiine  being,  and 
i  the  field  be  gene- 
t>y  a  current  circuiat- 
und  a  helix  of  wire, 
pA  the  iron  is  placed 
MtBide  the  heli.Y,  it 
e  sucked  down  until 
chcs  the  middle  of 
'elix,  which  is  the 
;est  pan  of  the  fietd. 
'this  action  will  be 
Itiona]  to  the  pto- 
If  the  strength  of  the 
fad  the  suengch  of 
BBporaiy  magnet ;  as 
per  varies  with  the 
b)  of  the  field,  but 
Eordit^  to  any  regu- 
K  the  readings  will 
I  proportional  to  the 

b  strength  unless  by  some  means  the  strength  of  this  temporary 
It  is  kept  constant.  Experiment  shows  that  althougli  llie 
mc  lines  of  force  pass  readily  through  a  piece  of  iron  when 
ue  very  few  lines  already  there,  yet,  when  a  great  many  arc 
j^  any  further  addition  to  their  number  becomes  very 
It.  When  in  this  btter  condition  the  iron  is  said  to  be 
lied'  A  piece  of  very  thin  soft  iron  tubing  becomes 
|ed  even  in  a  weak  field,  that  is,  in  a  field  Uaversed  by  but 
ii^  of  force ;  so  that  beyojid  a  certain  stage,  although  the 
Eb  of  llie  field  is  increased,  the  number  of  lines  of  force 
I  through  the  iron  tubing,  that  is,  its  strength  considered  as 
let,  remains  practically  the  same.     Therefore,  if  ve  u^  ». 


lie 
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very  thin  tube  of  soft  iron,  the  force  with  which  it  ts  sucked  into 
liic  hcliK  will,  for  all  fields  above  a  certnin  strength,  depend  simply 
upon  the  strength  of  the  field  and  will  he  proporlional  thcreio, 
and  consequently,  also  proportional  to  the  strength  of  the  current 
producing  the  field. 

Except  for  wuak  currents,  then,  we  may  estimate  the  strength 
of  a  current  by  measuring  the  pull  on  such  a  thin  tube  of  iron 
placed  partly  inside  ?.  helix.  It  must  not  be  placed  exactly  in  the 
middle  of  the  coil,  as  that,  being  the  strongest  part  of  the  field,  is 
the  position  of  rest  for  the  iron. 

In  the  instrument  under  consideration  the  method  of  measur- 
ing the  pull  is  unique.  It  depends  u|x>n  a  peculiar  property 
possessed  by  a  flat  spiral  spring  shaped  like 
a  curlcd-up  shaving,  as  illustrated  in  fig.  6i. 

BIf  such  a  spring  be  stretched  while  one  end 
of  it  is  fixed,  the  other  end  will  rotate,  and 
the  angle  of  rotation  will  be  exactly  propor-  J 
tional  to  the  amount  of  stretching,  the  angle  I 
being  considerable  for  a  small  extension  (if  | 
the  spring.     A  reference  to  fig.  6j  will  shom 
how  these  principles  are  combined  in  tJie 
actual  instrument. 
The  helix  fills  the  space  marked  ww, 
and  is  composed  of  stout  wire  offering  little 
resistance,    so  that   its   introduction   into  a 
circuit  does  not  diminish  the  current  flowing 
therein.    T  is  the  thin  tube  of  soft  iron  which 
is  sucked  down  more  or  less  by  the  current, 
its  lateral  movement  being  prevented  by  two 
small  brass   pins,  p  and  p.     The  formet  ia 
fixed  to  a  small  piece  of  brass,  c,  which  is 
fastened  to  llie  bottom  of  the  soft  iron  tube.     The  spiral  spring 
is  placed  inside  this  tube,  its  lower  end  being  rigidly  fixed  tol 
c  and  its  upper  end  to  the  brass  pin  p.    As  /  is  also  r 
^connected  to  tlic  screw-head,   H,  the    upper  end  of  the  s 
pnot  rolale,  therefore   when  the  tube   t  is  sucked  down  i 
r  end  of  the  spring  rotates,  carrying  with  it   the  tube, 
a-  end  of  the  tube  which  projects  out  of  the  coil  t 


[kiinter  which  moves  over  a  grndiialed  scair,  and  so  indicates  ihp 
angle  of  roialion,  ihc  usual  hnri^onlal  niirror  licing  provided  to 
avoid  parallax.  The  soale  is  divided  inlo  equal  divisions  re  pre 
Mining  amperes  and  fractions  of  an  ampere,  but  as  the  iron  docs 
not  become  saturated  until  the  current  has  attained  a  certain 
strength,  the  first  portion  of  the  scale  is  nerer  used,  and  is,  in  ftict, 
not  graduated,  for,  as  has  Lcen  explained,  the  indications  at  this 


sta-e  are  not  proportional  to  tlie  current  strength.  It  i. 
;'  t°he  iron  tube  moved  through  any  considurable  distance  so  as  to 
■  into  a  part  of  the  field  of  different  strength,  the  readings  would 
;,  .1  be  proportional ;  but  it  will  be  remembered  that  the  peculiarity 
of  the  spring  is  that  the  an-le  of  rotation  is  great  for  a  very  small 
t^wnuoa  in  len-th.  conseriuently  the  pointer  uavcrscs  the  whole 


sliall  not  aflcct  the  reading,  the  main  leads  arc  connected  to  two' 
long  pieces  of  wire  wliich  are  twisted  together  for  a  considerable 
distance  as  shown  in  the   fifpire,  so  that  each  neutralises 
tendency  of  the  other. 

We  come'  now  to  the  consideration  of  a  class  of  arninel 
simple  in  construction  and  action,  independent  to  a  great 
of  the  proximity  of  extraneous  electro -magnetic  fields,  and, 
direct-reading  instruments,  they  are  exceedingly  useful  as  dynam 
room  indicators,  telling  the  attendant  at  a  glance  whether  or  i 
his  current  is  being  maintained  at  its  proper  value.  A  number' 
these  instruments  depend  upon  the  power  of  a  coil  alone,  to  lai 


a  more  or  less  weighty  piece  of  iron  against  the  force  of  grarity, 
while  others  have  a  solenoid  and  core  to  perform  a  similar  opera- 
tion.    They  all  require  to  be  calibrated,  but,  under  the  circum- 
stances, that  is    not  objectionable  providing  the  calibration  ii  i 
correctly  performed. 

The  first  instrument  of  this  class  to  which  we  will  refer  il] 
t  constructed  by  Schuckert.     A  general  view  of  this  amm 
I  in  fig.  64,  and  a  view  of  the  moving  portion  of  it'i 
1^5.    It  will  be  seen  that  the  instnunent  is  made  to  be  ft 


j^insl  a  wnt!  with  ils  law  in  a  vertical  posilinn,  the  working 
pirts  licing  protected  hy  a  circular  metal  case  with  a  glass  front. 
Krtim  the  two  teiminal  clamps  below  the  instrument  case,  stout 
metal  bands  are  led  to  the  solenoid,  which  is  placed  with  its  axis 
horizontal,  and  consists  of  single  copi>er  casting,  with  helical  saw- 
cuts,  so  as  to  lead  the  current  a  few  times  round  the  'needle.' 
With  such  a  solenoid,  which  is  designed  for  very  heavy  currents, 
no  insulating  material  is  employed  other  than  the  air  ;  but  in  the 
case  of  instruments  constructed  for  ihe  measurement  of  weaker 
cnnents,  the  solenoid  is  made  of  a  number  of  turns  of  ordinary 
stout  insulated  wire.  A  light  steel  arbor  or  spindle  is  pivoted  so 
as  to  lie  parallel  to,  and  a  little  to  the  left  of,  the  axis  of  the  coil. 
It  has  attached  to  it  a  thin  curved  plate  of  soft  iron  shaped  as 
shown  in  fig.  65.  This  piece  of  iron  is  nearly  equal  in  length  to  the 
arbor,  and  extends  through  the  length  of  the  solenoid.  A  light 
ilurainium  pointer  is  also  fixed  to  the  arbor  at  right  angles,  and 
ihe  movable  parts  are  so  weighted  that,  in  the  absence  of  a  current, 
the  pointer  Is  held  in  the  zero  position  by  the  force  of  gravity. 

When  a  piece  of  iron  is  placed  In  a  solenoid,  but  out  of  centre, 
Ihe  efTecl  of  a  current  is  to  bring  the  iron  towards  the  centre 
Therefore  a  current  passing  through  the  coil  of  the  Schuckert 
itisirament,  in  endeavouring  to  rotate  the  curved  piece  into  the 
'enire,  raises  it  against  the  force  of  gravity,  through  a  distance 
depending  upon  the  strength  of  the  current.  The  index  allached 
fn  the  arbor  travels,  therefore,  over  the  scale  which  is  placed 
Ifhind  It,  and  thus  indicates  the  strength  of  the  current  pass- 
uig  through  the  instrument.  As  may  be  imagined,  the  divisions 
of  ihe  scale  are  unequal,  but  the  scales  of  all  instruments  of  the 
■.inie  range  are  exactly  alike,  the  centre  of  gravity  of  the  moving 
■-.ns  in  each  case  being  adjusted  to  suit  the  scale.  The  adjust- 
:iient  is  made  by  bending  a  small  piece  of  copper  wire  (see  fig,  65) 
(i^ed  at  one  end  to  the  upper  side  of  the  arbor,  but  this  opera- 
tion is  a  matter  of  some  difficulty  when  it  is  desired  to  reproduce 
a  previous  calibration.  It  is  an  interesting  fact  that  the  gross 
weight  of  Ihe  moving  pan  is  butj'i,  of  an  ounce.  The  amount  of 
friction  is  therefore  very  slight,  and,  there  being  very  little  in  the 
in-ilramenl  which  is  liable  to  vary  with  ordinary  workshop  usage,  it 
piece  of  apt 
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The  instrument  known   as  the   'Gravity'  ammeter  b  the   I 
invention  of  Mr.  S.    Evershed  ;   it  is  manufactured  by  Meran. 
^V.  T.  Goolden  &  Co.,  and  is  for  practical  work  an  excellent  and  J 
reliable  measuring  instrument. 

In  this  case  also  the  magnetising  coit  is  placed  with  it 
horizontal,  and  in  the  middle  of  it  there  lies  a  small  cylindrial 
piece  of  soft  iron,  a   (fig.  66),  which   is   fixed,  by  means  of  l| 
Pij.  jj  piece  of  brass,  to  a  brass  ai 

this  arbor  being  pivoted  at  it^ 
eM rem i ties,  and  weighted  si 
lo  keep  the  small  ir 
the  position  shown,  f  and  ^ 
art;  two  small  soft  iion  slabq 
placed  end  to  end,  but  ju) 
sufficiently  far  apart  for  I 
small  iron  rod,  a,  to  swing  ficcly  between  them. 

The  coil  encircles  these  slabs,  the  arbor,  and  its  attachments;* 
and  when  a  current  passes  through  it,  the  lines  of  force  gatlie; 
into  the  stabs,  and  pass  lengthways  along  ihem,  say  from  P  to  f, 
ivilh  the  result  that  there  is  a  very  dense  field  just  between  their 
opposing  ends. 

In  its  normal  position  the  small  iron  rod,  a,  lies  almost  outside 
t'lis  dense  field,  and  we  have  seen  that  a  piece  of  iron  so  situated 
is  always  urged  from  a  weak  part  towards  the  strongest  part  of  ihe 
Held.  Consequently,  the  iron  piece,  a,  is  drawn  down  against  ihc 
restraining  force  of  gravity  which  acts  on  the  counterbabncing 
weight,  and,  as  an  increase  in  the  current  strength  will  add  to  the 
number  of  lines  and  to  the  force  of  attraction,  the  distance  throu^ 
which  the  iron  piece  is  moved  may  be  made  to  indicate  the 
current  strength.  But  the  depression  of  the  iron  rod  i 
portional  to  the  increase  in  the  current,  consequently  an  o 
nary  degree  scale,  or  any  other  equally  divided  scale,  cannot  \ 
employed.  Reverting  for  a  moment  to  the  construction  of  tt 
instrument,  it  should  be  explained  that,  as  shown  in  fig.  67,  1 
two  iron  slabs  (p,  f,  fig.  66)  are  fixed  upon  a  stout  brass  strip,  tj 
remote  end  of  which  carries  a  brass  disc  forming  one  bearing  Gj 
the  arbor.  At  the  near  end  of  the  strip  is  a  larger  disc,  provide 
>  a  hole  through  which  the  spindle  freely  passes,  having  al 


and  thence  round  the  coil  again  to  the  beginning  of  Ihe  third 
convolution,  at  the  right  of,  and  underneath,  the  drilled  hole. 
After  again  going  round  the  coil  the  current  leaves  by  the  bar  b. 
It  thus  takes  about  2^  complete  turns  round  the  coil,  which,  with 
a  current  of  300  amperes,  would  give  750  ampere  turns. 

U  will  be  evident  that  such  a  coil  has  lery  little  resistance, 
and  that  therefore  the  power  absorbed  and  the  amount  of  heat 
dei'eloped  in  it  will  be  correspondingly  small.  The  instrument 
may  consequently  l>e  kept  continuously  in  circuit  without  any  risk 
of  damage  or  serious  waste  of  energy.  The  bars  by  which  connec- 
tion is  made  are  long  and  straight,  to  prevent  the  current  in  the 
leading  wires  affecting  the  '  needle,'  for  without  these  precautions 
a  considerable  enor  might,  owing  to  the  small  number  of  convo- 
lutions, be  introduced.     In  an  instrument  for  measuring  i,ooo 

amperes  the  'coil'  consists  of  a  massive  cyhnder  divided  on  one 

side  by  a  radial  saw-cut,  with  the  straight  connecting  bars  placed 
in  a  line  with  each  other.  In  this  case  the  current  makes  but  ^  of 
J  turn  round  the  needle,  thus  again  giving,  with  1,000  amperes,  750 
anipeie  turns. 

There  is  one  possible  source  of  error  with  instruments  of 
this  description  due  to  the  retentivlty  of  the  iron,  but  by  exer- 
cising great  care  in  the  selection  and  treatment  of  the  metal, 
this  error  has  been  practically  ehminated,  The  iron,  in  fact,  is 
pot  touched  by  a  tool  after  it  has  been  annealed,  the  film  of  oxiilc 
formed  during  that  operation  being  simply  dissolved  by  immer- 
sion in  an  acid.  Perhaps  the  best  way  of  testing  for  inaccuracy 
due  Co  this  cause  is  to  take  two  sets  of  readings,  one  with  ascend- 
ing values  of  the  current  from  aero  to  the  maximum,  and  the 
other  with  corresponding  descending  values.  Any  retentivity  of 
tlie  iron  would  cause  the  latter  set  of  readings  to  be  higher  than 
(he  former,  but  in  these  instruments  the  results  are  practically 
identical. 

It  is  not  so  easy  to  accurately  measure  a  current  of  several 
hundred  amperes  as  it  is  to  measure  a  few  amperes  or  a  fraction 
of  an  ampere,  but  all  these  ammeters  are  calibrated  by  having 

leir  full  current  passed  through  them,  and  its  eHect,  as  indicated 

ttbe  pointer,  carefully  observed. 

VTbe    required    current  strength    is  obtained    by    means    of 


f      126 

I 


I 


126  Electrical  Engineering  csir.  rt. 

(econdary  batteries,  which  are  charged  in  series  and  joined  up  in 
parallel  for  discharging,  and  in  order  to  ensure  greater  accuracy  a 
definite  fraction  only  of  the  whole  current  is  measured.  For 
example,  if  it  is  desired  to  calibrate  an  ammeter  which  is  capable 
of  measuring  from  40  to  400  amperes,  it  is  joined  up  with  the 
secondary  battery,  and  a  set  of  loo  rather  stout  iron  wire  resiit- 
ances,  these  wires  being  all  joined  up  in  parallel,  and  placed  so 
as  to  have  equal  facilities  for  cooling.  A  standard  ammeter  15 
joined  up  in  circuit  with  one  of  these  iron  wire  resistances,  and  a 
Itngth  of  the  Iron  wire  equal  in  resistance  to  that  of  the  ammetei 
is  removed,  so  that  this  compound  branch,  formed  of  a  portion  o( 
iron  wire  and  the  ammeter,  is  equal  in  resistance  to  each  of  the 
other  99  branches  consisting  only  of  iron  wire.  This  standanl 
F,^,  f^  ammeter  is  cahbraled  with  extreme 

care,  and  as  the  main  cunenl 
divides  equally  among  the  100 
branches,  the  ammeter  accurately 
measures  one-hundredth  of  i^  w 
that  for  the  maximum  current  of 
400  amperes  it  is  only  necessar)' 
to  measure  4  amperes — a  com 
paratively  easy  matter.  For  \fioo 
nperes  it  would  thus  be  necessa^ 
)  measure  only  10;  but  an  am- 
leter  designed  to  measure  such  a 
high  current  is  conveniently  cali- 
brated by  joining  in  series  with  it 
two  500-ampere  meters  which  are 
themselves  connected  together  in 
parallel. 

The  absence  of  a  portable 
instrument  which  will  stand  a  little  rough  usage  has  hitherto  te- 
stricted  the  measurement  of  alternating  currents  to  such  ralhir 
inconvenient  instruments  as  the  Siemens  dynamometer,  but  it 
has  recently  been  discovered  that  by  slightly  altering  the  proper- 
■ns  of  the  iron  parts,  these  gravity  ammeters  answer  admirably 
measuring  alternating  currents,  the  difference  in  the  readings 
wd  by  any  variation  in  the  rate  of  alternation  within  the  UnuU 


«-hich  obtain  in  electric  lighting  (that  is,  from  about  50  to  lao 
ilteinations  per  second)  being  practically  nil. 

A  simple  form  of  gravity  ammeter  is  that  shown  in  fig.  69, 
and  made  by  the  Soci^id  des  Tdl^phones  de  Zurich.  The  indi- 
cating needle  is  attached  to  a  peculiarly  shaped  tongue  of  very 
thin  soft  sheet  iron,  a,  which  is  furnished  at  intervals  with  a 
number  of  holes.  These  holes  afford  a  means  ot  adjusting  the 
sensibility  of  the  instrument  and  making  the  scale  open  near  any 
desired  reading.  As  the  current  passing  through  the  coil  increases 
m  strength  the  tongue  is  drawn  up  into  the  bobbin  and  the  needle 
made  to  pass  over  the  scale  on  the  face  of  the  instrument. 

The  'Sleel-yard'  ammeter,  made  by  the  Electrical  Power 
Storage  Company  and  illustrated  in  fig.  70,  is  a  useful  and  111- 


e  of  ap^j.! — :^.     I:  ,^..^j^is  of  a  coil  of  thick  wire, 
1,  for  heavy  currents,  is  simply  a  copper  rod  bent  into  a  spiral 
a  soft  iron  core,  which,  on  being  magnetised,  attracts 
t  iron  armature  attached  to  one  end  of  the  steel-yard  lever. 
^ding  weight  is  suspended  from  the  other  arm  of  the  lever,  its 
1  being  adjusted  until  il  just  balances  the  force  of  attraction 
Iveeu  the  core  and  its  armature.     This  instrument  is  very  con- 
ait  from    Che   fact   that   its   sensitiveness  can  be   varied   in 
J  ways,  such  as  varying  the  weights,  &c   The  range  can  also 
Jied  by  varying  the  length  of  the  lever.     The  range  of  each 
ment  is  considerable,  the  one  illustrated  being  designed  to 
indicate  from  50  to  350  amperes. 
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The  '  Disc '  ammeter  of  Messrs.  Drake  and  Gorhain  (fig.  71) 
is  another  useful  and  simple  instrument  It  consists  of  aspinl 
of  copper  ribbon  enclosing  a  soft  iron  core,  having  for  its  arroatore 
a  soft  iron  disc  a.  When  the  pointer  stands  at  zero,  as  shown  Id  J 
the  figure,  the  centre  of  gravity  of  the  disc  is  just  beloi 
pending  pivots,  which  are  carried  by  two  pieces  of  brass  attachedL 
to  the  core,  the  disc  rotating  between  them.  A  small  sE^menl  sf 
the  disc  is  cut  off  so  as  to  form  a  slight  prominence,  which  « 


I 


as  a  means  of,  to  some  extent,  concentrating  the  magnetic  UoBa 
of  force  at  a  definite   poinL      As  the  strength  of  the  cun 
increases   the   attraction  of  this  portion  of  the  disc  cai 
heavier  section  to  be  raised  against  the  force  of  gravity. 
non-magnetic  index  needle  is  fixed  to  the  disc,  and  as  the  liH 
rotates  the  needle  travels  over  a  clear  open  scale. 

The  lineman's  detector  (figs.  72  and  73)  is  a  very  handyj 
strument  when  used  for  tracing  circuits  and  localising  faults,  f 
k  must  not  be  regarded  as  a  measuring  instrument    It  o 
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)  ordinary  instrument  bobbins,  mounted  vertically,  and  each 
lund  with  two  toils  of  wire,  one  consisting  of  a  few  turns  of  iliiek 


¥  wound  to  o'2  uliiii,  and  llic  lalicr  tu  abuut  ioq  ohiii5.     A 


ll  coil  is  sometimes  added  to  the  thick  ■.virc  coil  to  leduce  its 
nsiliveness.    The  magnet  is  about  an  inch  long,  and  is  mounted 


»3o 
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on  a  horizontal  axis  (see  fig.  74),  so  that  it  can  turn  freely  inside 
the  coils,  a  long  non-magnetic  indicating  needle  being  also  fixed 
on  the  front  end  of  the  spindle  and  moving  over  a  graduated  dial 
Sometimes  a  soft  iron  needle  is  substituted  for  the  magnetised  steel 
one,  it  being  magnetised  by  the  induction  of  two  powerful  stei;! 
magnets  fixed  to  the  bobbins,  one  of  which  is  shown  at  m  in  fig.  75. 
These  magnets  can  be  curved  so  as  to  fit  into  a  case  of  ordinoty 
dimensions. 

One  end  of  each  of  the  coils  is  connected  to  one  or  other  of 
the  outer  terminals  on  the  top  of  the  case,  the  other  two  ends 
being  both  joined  to  the  centre  terminal.  Constructed  as  de- 
scribed, the  needle  should  be  deflected  through  40°  or  50°  by  a 
current  flowing  through  the  thin  wire  coil  of  9-3  millianiperes— 
that  is  to  say,  by  a  single  Daniell  cell  having  an  internal  resistance 
of  7  ohms.  The  thick  wire  coil  should,  with  the  same  cell  giving 
a  current  of  139  miUiamperes,  cause  a  deflection  of  20'  to  30°. 


CHAPTER   V. 

MEASUREMENT  OP  RESISTANCE. 


iVflEN  the  difierence  of  polenlial  in  volts  between  the  two  ends 
Df  A  wire  is  known,  and  also  the  current  in  amperes  which  that 
difference  of  potential  is  able  to  maintain  in  the  wire,  then  the 
:  of  that  wire  in  ohms  nxay  easily  be  calculated,  for  hy 
;  law  it  is  equal  to  the  number  of  volts  divided    by  the 


number  of  s 


-,  where  E  stands  for  the  electro 


mperes,  t 

motive  force  in  volts,  c  for  the  cuiTent  strength  in  amperes,  and  r 
for  the  resistance  in  ohms.  If,  for  instance,  a  difference  of  poten- 
tial or  an  electro -motive  force  of  15  volts  between  the  two  ends  of 
a  wire  were  able  to  maintain  a  current  of  2  amperes  through  it, 
iVi^n  its  resistance  would  be  '  =  7-5  ohms.  But  if  the  resulting 
unt  were  only  3  milliampercs,  then  the  resistance  would  be 
-■'  =  7500  ohms.    With  one  of  the  instruments  descrilK'd  in 

the  preceding  chapter,  the  current  Rowing  may  be  measured,  and 
in  the  next  chapter  we  shall  show  how  the  difference  of  potential 
tetwcen  any  two  points  of  a  circuit  may  be  measured  in  volts  ; 
and  this  method  is  perhaps  the  very  best  that  can  be  devised  for 
finding  the  value  of  very  low  resistances.  Hut  sometimes  we 
Viiow  the  maximum  difference  of  potential  or  electro -motive  force 
*liidi  a  certain  current -gene  rat  or  can  produce,  and  this  knowledge 
"ill  enable  us  in  certain  cases  to  calculate  resistance  after  merely 
fiiasuring  current  strength. 

If  we  have  a  battery  of  which  we  know  the  electro-motive 
-V,  say  10  volts,  and  also  the  internal  resistance,  say  ao",  we 
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may  usu  it  to  send  a  current  through  the  tangent  galvanomcicr,  c, 
and  the  unknown  resistance,  jt,  by  joining  them  all  in  series  S5 
shown  in  fig.  76.  Suppose  the  resulting  current  10  be  ao  milli- 
am|>ercs  as  measured  by  the  tangent  galvanometer,  then  we  may 
find  the  total  resistance  of  the  whole  circuit  by  dividing  the 


electro- motive  force  by  the  current  The  total  resistance  will  be 
—  =  500",  Now,  the  resistance  of  the  battery  and  galvano- 
meter is  340" ;  if  we  subtract  this  from  the  total  resistance  we  gel 
the  value  of  the  unknown  resistance,  x,  that  is,  500  —  340  =  16a 

ohms. 

By  using  the  thick  wire  coils  of  the  galvanometer,  and  a  bailer)' 
of  very  low  resistance  as  compared  with  that  of  the  unknown  resist- 
ance, no  serious  error  will  be  made  by  ignoring  the  resistance  of  the 
battery  and  galvanometer,  and  regarding  the  unknown  resistance  J 
as  the  total  resistance  of  the  circuit     Under  these  conditions  •" 
number  of  fairly  high  resistances  may  be  easily  compared,  for  tli 
same  electro-motive  force  will  send  through  each  a  current  wbi4 
is  inversely  proportional  to  the  resistance.     Thus,  if  with  threi 
resistances,  a,  6,  c,  we  get  deflections  of  30,  25,  and  60  tangei) 

divisions  respectively,  then,  a:  b:c  ■.:  —  :  ^-  ;  —, 
30     25     60' 

that  is,  17  :  <* :  f  ;:  10  :  13  :  5. 

Presuming  the  galvanometer  to  be  so  adjusted  that  a  deflection 
of  30  tangent  divisions  is  obtained  when  a  current  of  10  milli- 
amperes  is  passed  through  the  thick  wire  coil,  and  the  battery 
employed  to  have  an  electro -motive  force  of  2  volts,  then  the 

iatance  of  n  =  - —  =  zoo".     Therefore,  the  resistance  of  i  = 


I; 
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ind  of  ^  =  100".  As  previously  stated,  however,  tlie 
tesisUnce  of  the  battery  and  of  tlie  galvanotneter  must  be  taken 
into  account,  unless  ihey  are  very  low  indeed  as  compared  witli 
ihe  unknown  resistances. 

It  should  here  be  observed  thai  in  most  of  the  tests  to  be 
described  it  is  necessary  that  a  set  of  resisLmces  whose  values 
are  knoivn  exactly  should  be  provided.  The  accuracy  of  the 
results  obtained  depends,  in  a  very  great  measure,  upon  the 
accuracj-  of  the  values  given  to  these  resistances,  so  that  great 
care  should  be  exercised  in  their  manufacture,  measurement,  and 
use.  In  Chapter  II.  some  of  the  principal  causes  of  inaccuracy 
were  enlarged  upon,  and  it  was  shown  how,  by  avoiding  them,  a 
reliable  set  of  resistance  coils  might  be  produced. 

Assuming  such  a  set  of  coils  to  be  available,  let  us  now  discuss 
its  utility  in  helping  us  to  ascertain  the  resistance  offered  by  other 
conductors. 

I  If  a  wire,  whose  resistance  we  desire  to  ascertain,  is  joined  up 
Im  battery  and  galvanometer,  the  current  flowing  will  deflect 
galvanometer  needle  through  a  certain  angle ;  let  this  angle  be 
iocurately  noted.  Then,  if  the  unknown  resistance  is  removed 
rom  the  circuit,  and  a  box  of  coils  of  known  resistance  inserted  in 
Is  pbce,  this  same  deflection  may  be  repnsduced  by  varying  the 
kmount  of  resistance  introduced  by  means  of  the  plugs  or  arms, 
IS  described  in  Chapter  II.  The  current  then  deflecting  the 
leedlc  will  manifestly  be  exactly  the  same  in  strength  as  in  the 
irst  case,  and  therefore  (since  the  electro- motive  force  of  the 
ttttery  is  unaltered)  the  total  resistance  of  the  circuit  must  be  the 
liUDe  as  before.     Hence  the  resistance  in  Ihe  box  is  equal  to  the 

Km)  resistance.  A  convenient  way  of  taking  this  test  is  shown       ■ 
77,     R  is  the  set  of  resisLance  coils,  x  the  unknown  resist-     J 


^ 


lect 


^p  134 


I 


Electrical  Engineering  aiir. 

aiice,  and  s  is  a  three-way  plug  switch,  consisting  of  three  pieca 
of  brass,  any  two  of  which  may  be  joined  together  by  insertinga 
brass  plug  in  the  holes  provided  for  the  purpose  between  ihem. 
_By  means  of  this  switch,  either  x  or  r  may  be  rapidly  placed  in 
circuit,  and  it  is  advisable  to  talce  a  second  test  after  r  has  been 
adjusted,  to  make  sure  that  the  electro-motive  force  of  the  battery 
has  not  been  altered  by  polarisation  and  so  have  varied  the  value 
of  the  test  The  galvanometer,  G,  should  be  a  sensitive  one ;  it 
should,  in  fact,  tinder  all  conditions  indicate  the  alteration  in  the 
current  strength,  caused  by  the  addition  or  subtraction  of  the  coil 
of  lowest  value  in  the  resistance -box.  As  by  this  method  the 
same  deflection  is  reproduced,  any  fonn  of  galvanometer  will 
answer  the  requirements,  providing  only  that  it  is  sufSdently 
sensitive. 

Supposing,  however,  a  tangent  galvanometer  and  a  battery, 
both  of  very  low  resistance,  to  be  available,  the  currents  which 
the  battery  can  send  through  a  known  and  an  unknown  resistance 
can  be  compared  directly  by  the  deflections  of  the  gali'anoineter 
needle,  for  if  there  are,  say,  50  tangent  divisions  in  the  first  ok 
and  45  in  the  second,  and  the  known  resistance  is  32  ohms,  then 

4S  -.so::  32  :*, 

because  the  deflection  in  each  case  will  be  inversely  proportional 
to  the  resistance  in  circuit.  Hence,  x  =  35'5  ohms.  The  Lhr«- 
way  plug  switch  may  be  used  as  in  the  last  test,  but  both 
readings  should  be  taken  near  the  'angle  of  maximum  sensicive- 
ness,'  viz.  45°. 

When,  however,  the  resistances  of  the  battery  and  gaUano- 
meter  are  comparatively  high,  their  values  must  be  known  or 
ascertained,  and  allowed  for  in  accordance  with  Ohm's  law  as 
follows :  Let  the  resistance  of  the  galvanometer,  g,  be  31Q'  that 
of  the  battery  r  =  12-,  and  the  known  resistance  r  =  560'; 
let  the  current  with  R  in  circuit  (c,)  give  50  tangent  dii"  " 
and  with  x  in  circuit  (Cj)  give  45  tangent  divisions. 

Then,  in  the  first  case, 

—I--,  whence  c,(r  +  g  +  r)  =  e, 


I 
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n  [he  second  case, 
Cj  =  — —^ ,  whence,  also,  cj^x  +  c  +  r)  = 

fore  Cj{a-  +  g  +  r)  =  C|{r  +  g  +  r), 

ce  X  ■=  — (r  +  g  +  r)  —  g  -  r. 
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Since—  is  merely  a  ratio,  the  strength  of  Che  currents  in  milii- 

amperes  need  not  be  known,  the  number  of  tangent  divisions 
produced  by  the  currents  being  inserted  instead  of  C^  and  Cj. 
Inserting  all  the  values,  then,  we  get 


I 


4S 
=  659-1  ohms. 


'Tlie  resistance  of  ihe  galvanometer  is  nearly  always  known 
and  engraved  on  the  instrument,  but  it  is  frequently  necessary  to 
measure  the  resistance  of  the  battery  at  the  time  of  making  the 
lest.  To  avoid  this  it  is  better  to  use  a  battery  of  very  low  resist- 
ance, and  this  may  usually  be  obtained  by  joining  up  several  sets 
in  parallel. 

The  equation  wiU  then  stand : 


By  in 


J  (R  +  C)  - 


By  inserting  the  values  as  before  we  can  see  the  amount  of  the 
error  caused  in  this  case  by  ignoring  the  battery  resistance  of 
12  ohms. 

»x  =  5-°(56o  +  32o)  — 320 
:r  =  6s7'J  ohms. 

The  error  is  thus  but  i'3";  and  it  is  not  difficult  to  get  a  battery 
of  only  about  i  ohm  resistance  to  send  a  sufficiently  strong  current 
for  the  above  test,  when  the  error  would  be  negligibly  small. 

This  method  also  provides  us  with  a  means  of  measuring  the 
resistance  of  a  galvanometer.    Por,  let  the  second  reading  be 


i 
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~  700'  instead  of  x,  lb 
k  feOon  that,  as  belore, 


c,<«  +  c)  =  c^c  +  c) 

C<C,  —  Cj  =  C,K  —  C.R 


50  —  45 


eapfw 


IS  the 


resistance  of  the  bi 


For  if  tbe  baitety  is  joined  up  to  thK 
■caaMance  ad  of  tfae  gahsnoracttr  (three  or  twelve  turns),  pi| 
cdljr  tbe  on^  resisupce  in  Ibe  cvcuit  will  be  that  of  the  hattei; 
If  pombie,  the  idjisiable  ma^Kt  should  be  placed  so  iha^ 
defiectiaii  t&,  1x7,  50  langeot  divisions.  Now,  it  will  be  eA 
thai  to  icftv  the  cnntnt  flowing  the  re^stance  in  the  circuit  i 
be  JamUed.  U,  tbaefore,  resistance  r  b  inserted  until  the  dd 
tioa  &ns  from  50  to  35  dhrisions,  the  resistance  r  will  be  eqa 
the  resistance  x  of  the  buteiy. 

Stnnetimcs,  however,  the  efiea  of  the  controlling  magnj 

insufficient  to  produce  a  oomrenient    deflection,  and  it  is  | 

necessary  to  introduce  sonte  resisunce  in  the  Rr^t  test,  sayl^ 

this  purpose.     Then  ! 

C  =  — ^—,  or  c(je  +  P)  =  E, 

If,  now,  p  is  increased  to  r  in  order  10  halve  the  defleol 
and  therefore  halve  the  current  strength, 


therefore 

whence 

For  instance,  if 


-^(-.  +  K)  =  c(.r+p), 


^ 


low- resistance  galvanometer  it  is  fl 
to  insert  1 1  ohnis  in  order  to  bring  the  deflection  d 
'isionSf  and  to  incrgsse  this  resistance  to  31  < 


0  make  the  deflection  30  divisions,  then  the  resistance  of 

the  battery  j  =  31  —  ja  =  9  ohms. 

In  some  cases  the  resistance  of  a  cell  is  so  very  low  that  it 

becomes  a  difficult  matler  to  measure  it  with  great  accuracy. 

Secondary  cells,  especially,  have  not  only  a  low  resistance,  !)Ut 

also  a  comparatively  high  E.M.F.,  so  that  some  special  method  is 
recessary  in  dealing  with  them,  if  great  accuracy  is  desired. 

A  very  pretty  method  consists  in  allowing  the  cell  to  send  a 
current  through  a.  low  external  resistance  of  known  value,  and  then 
measuring  the  fall  of  potential  which  takes  place  along  this 
resistance.  This  fall  can  be  easily  found  by  subtracting  the 
eitemal  potential  difference  from  the  total  e.m.f.  developed.  As 
the  resistance  of  each  portion  of  the  circuit  is  proportional  to  the 
fill  of  potential  taking  place  along  it,  the  internal  resistance  of 
■11;  cell  can  then  be  deduced.  One  of  the  hot-wire  voltmeters 
'!'.!;e  189),  designed  to  indicate  up  to  2-5  volts,  is  a  useful  piece  of 
.[ipratus  for  this  work.  The  total  E.M.F.  of  the  cell  can  be 
measured  by  joining  the  voltmeter  to  the  cell  terminals,  because 
the  high  resistance  of  the  voltmeter  allows  only  a  feeble  current  to 
be  generated,  so  feeble,  in  fact,  that  the  fall  of  potential  inside 
the  cell  is  exceedingly  low;  whence  the  potential  difference 
indicated  is  practically  equal  to  the  e.m.  f.  developed.  If  a  second 
eacmal  conductor,  but  of  low  resistance,  is  also  joined  to  the  ter- 
minals of  the  cell,  the  total  external  resistance  will  be  considerably 
reduced,  and  the  fail  of  potential  inside  the  l>attery  proportionally 
increased,  and  a  lower  e-M.f.  will  be  indicated  by  the  voltmeter, 
'^'nsequently,  if  we  denote  the  total  e.m.f.  by  e,  the  fall  of  poten- 
il  in  the  external  and  internal  portions  of  the  circuit  by  p  and  / 
i  jiectivcly,  the  resistance  of  the  cell  by  r,  and  of  the  known 
I'.^trnal  resistance  by  R,  it  is  evident 

E-P=A 

ind  p  :/  :;  R  :  r; 

fiR 

2  get  r  =  i--. 


n  a  battery  of  such  cells  is  to  be  measured— say  twenty — 
wbetter  to  reverse  nearly  half  of  them— in  this  case,  nine; 
Vtbe  resistance  Xo  be  measured  is  that  of  twenty  cells,  while 


£M^nQV  CJ^^MfTT^f 


^  of  three  ?>«=•  j 

IB  ■■niiliil  far  the  purpose  between  *«- 
itek,  c^ker  X  or  >  ID.7  be  npidly  P^^ 
rfitrwttfcr  «  «o»d  test  after Kn^m 
le  Ital  the  eteanwBodw  force  of  ^'V' 
I9 1»J»i«ti>->  and  so  have  nned  Uie 
liiwiMi.  G,  dmU  be  a  9ensti*e  o 
rdlcondidam  int&ate  tike altentio^ 
scd  by  ite  addition  or  subtnctkm  of  tiS 
k:  icaisunce^Msi;  As  by  this  m'"" 
«in)dnced,  mj-  fonn  of  galvanoi 
■ent^  prorifing  only  thai  it  i»  "* 

*cr,  a  txngmt  ^ihuxxnetL.  ^ 

_  ._, isUDce,  to  he  a™l.b)e,  the  <^"*J^ 

■toy  aw  send  thnmgh  a  knoira  tad  an  >^>°^'^ 
e  coo^wcd  ditecdj  by  the  deflcctiDns  of  tbe|f« 
(^  for  if  then  are,  say,  50  tai^enl  divtsjo"' 


in  the  G 


the  second,  and  the  known  resislance  is  3a  ohr 


45  :  50  : 


the  deflection  in  each  rase  will  be  im 
S  resistance  in  circuiL     Hence,  x  =  iS"^  cj 
plug  switch  may  be  used  as    iiv  <t>sv  \ 
I^  should  be  t^cen  near  the  '  axi^<^  ^t 
viz.  45°-      ^ttk.  -i-i  4 
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>int,  and  the  whole  is  embraced  by  two  horse-shoe  magnets, 

laced  with  their  like  poles  adjacent,  as  shown  in  the  figure. 

hese  magnets  form  a  very  strong  field  in  the  space  in  which  the 

Mndle  lies.     A  large  number  of  the  lines  of  force  pass  through 

le  spindle,  but  when  they  reach  the  break  in  the  iron  at  cc  ihey 

end    upwards    through 

lie  soft  iron  needle  from 

me  side,  and  downwards 

rom  the  other  side,  the 

esuli     being    that    the 

icedle  is  a  powerful  mag- 

lei  with   its  north  pole 

downwards.    On  the  end 

of  the  spindle  is  fixed  a 

bbckened  brass  pointer, 

if,  which,  passing  over 

3r  in  front  of  a  circular 

iial  divided  into  degrees, 

ndicatcs  the  movements 

)f  the  needle.    The  two 

rires,  each  offering  50- 

esistance,  ate  wound  side 

ly  side  over  two  separate 

nbbins,  so  that  the  cor- 

esponding    portions    of 

scb  wire  ate  equally  dis- 

x>sed  in  relation  to  the 

leedle   and   exert   equal 

nagnetic  effects  upon  it.  This  method  is 

■i  the  old  instrument- makers'  method  of  winding  o 

)D  one  bobbin  and  the  other  on  another  bobbin.     The  tests  for  a 

JiRerential  galvanometer  are  tliat,  if  powerful  but  equal  currents 

ire  sent  in  opposite  directions  through  the  coils,  no  effect  should 

5c  produced  upon  the  needle  :  each  coil  used  separately  should 

produce  equal  but  opposite  deflections  with  the  same  current,  and 

he  coils  should   offur  exactly  the  same  resistance.     The  inner 

mds  6i  the  two  wires  on  the  bobbins  are  respectively  joined 

ogether  and  the  other  four  ends  connected  to  as  many  terminals 
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on  ihe  back  of  the  instrument.  This  allows  the  current  to  be 
sent  through  the  coils  in  several  ways.  First  through  one  coil 
only,  resistance  50".  Secondly,  through  both  coils  in  series  in 
such  a  direction  that  they  act  upon  the  needle  in  the  same 
manner,  when  the  resistance  will  be  ioo~  and  the  deflective 
action  doubled,  provided  the  increase  of  resistance  does  no: 
sensibly  reduce    the  current.     Thirdly,   through  both  coils  in 


Fig.  80 


1 


parallel  and  in  the  same  direction  ;  the  resistance  in  this  case  will 
be  25",  and  the  deflective  action  the  same  as  that  of  one  coil  only. 
Fourthly,  through  both  in  parallel,  but  in  opposite  directions, 
when  the  needle  should,  as  already  stated,  be  unaffected.  Lastly, 
lugh  both  coils  in  series  in  opposite  directions,  when  the  needle 
lould  also  be  unaffected.  This  last  method  of  joining  up  is  also 
Jul  for  proving  if  the  deflective  eflccts  of  the  two  coils  are 
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tqnal,  fur  Ihe  same  current  passes  through  each  irrespectiie  of 
heit  resistance. 

Although  the  wires  are  wound  side  by  side  throughout,  it  is 
trety  rarely  that  they  are  found  to  act  with  equaJ  force  on  the 
needle.  There  are  three  ways  of  attaining  this  result  witliout 
affecting  the  resistance.  The  position  on  the  bobbins  of  a  portion 
of  either  or  both  of  the  wires  may  be  altered  ;  or  a  part  of  the  wire 
which  has  the  greater  effect  may  be  unwound  and  wound  back  on 
the  bobbin  in  the  opposite  direction  ;  or  the  stronger  may  be 
U'lffound  until  an  exact  balance  is  obtained,  when  the  length  so 
itriHound  may  be  coiled  up  in  the  base  of  the  instrument,  where, 
if  wound  '  double,'  it  will  have  no  effect  on  the  needle. 

■J'he  lower  end  of  the  needle  is  weighted,  to  keep  it  in  the  vertical 
position  and  lo  restore  it  to  that  position  on  the  cessation  of  the 
current ;  and  the  current  acts  against  this  weight  when  it  deflects 
'h/t  needle.  The  arm  at  which  this  weight  acts  increases  with  the 
leflection  of  the  needle,  so  that  the  angle  of  deflection  cannot  be 
JTOportional  to  the  current  strength.  The  relation  between  the 
.wo  is,  in  fact,  irregular,  because  of  the  peculiar  shape  of  the 
leedlc  (shown  in  fig.  80),  and  because  the  field  due  to  the  currejit, 
ilthongh  almost  uniform  inside  the  coil,  is  far  from  being  so  near 
ihc  edges  and  just  outside. 

But  at  present  we  shall  only  consider  the  use  of  the  instrument 
with  the  needle  at  or  near  zero,  at  which  point,  it  may  be  men- 
tioned, it  is  most  sensitive. 

Proiided  with  this  instnimenl,  a  battery,  and  a  set  of  resistance 
roils  of  sufficient  range,  we  are  in  a  position  to  rapidly  measure 
unknown  resisLinces. 

Fig.  81  shows  the  best  way  of  making  the  connections,  c  is 
the  galvanometer,  R  a  set  of  resistance  coils,  x  the  unknown 
resistance,  and  k  a  key  for  closing  the  battery  circuit.  On  de- 
pressing the  key,  the  current  will  divide  at  a  c,  the  junction  of  the 
two  coils  of  the  gah'anometer,  part  passing  through  the  coil  a  b 
and  R,  and  the  remainder  through  the  other  coil  cd  and  x,  back 
to  the  batltry. 

Supposing  K  to  be  of  less  resistance  than  .r,  then  a  greater 
|nn  of  the  current  will  pass  through  a  b  and  r  than  through  cd 
and  X,  consequently  the  needle  will  be  dellected  to  one  side.    By 


i 
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increasing  r  this  excess  of  current  will  be  diminished,  and  the 
defleciion  of  ihc  needle  also  decreased,  until  the  needle  again 
stands  at  zero.  Then  the  currents  flowing  through  both  coils  of 
the  galvanometer  are  equal,  and  therefore  the  resistance  of  both 
branches  must  be  equal,  viz. 

.r  +  so-  =  B  4-  50-, 
that  is,  X  =  R. 

By  further  increasing  R  the  needle  would  be  again  dcflecwd, 
but  in  the  opposite  direction  to  that  previously  obtained. 

Before  making  a  test  it  is  advisable  to  find  out  and  note  m 
which  direction  the  needle  is  deflected  when  r  is  too  large  or  loo 
Fig.  Bi.  Small,  SO  that  immediately 

the  needle  moves  to  one 
side  or  the  other  we  may 
know  whether  it  is  required 
\     to  increase  or  decrease  R. 
i  It  may  be  necessarj-  to 

\  measure  resistances  which 
i  are  either  higher  or  lower 
>  than  any  which  can  be 
I  inserted  in  the  box  R.  The 
r  range  can  then  be  extended 
I  by  shunting  one  coil  of  the 
'  galvanometer  —  say  by  a 
wire  one-ninth  of  the  resistance  of  the  coil.  Then,  as  only  one- 
tenth  of  the  current  in  that  branch  will  pass  through  the  galva- 
nometer coil,  a  balance  will  be  obtained  when  the  total  resistance 
in  that  branch  is  one-tenth  of  the  resistance  of  the  other.  For 
instance,  suppose  the  coil  of  the  galvanometer  connected  to  r  to 
be  so  shunted,  and  a  balance  to  be  obtained,  when  the  resistanre 
in  R  amounted  to  650  ;  then  the  uninown  resistance  would 
be  6,500"  nearly.  We  say  nearly,  because,  in  order  to  obtain  a 
IK;rfectly  accurate  result,  compensating  resistance  must  l>c  inserted 
to  make  the  resistance  of  the  shunted  galvanometer  coil  equal  lo 
explained  in  the  preceding  chapter. 
In  measuring  electro- magnets  or  any  single  wound  coils  a 
Buddcnjerltof  [he  needle,  due  to  self-induction  (see  Chapter  VIL), 
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(ill  always  be  noticed  on  making  and  breaking  ihc  circuit.  In 
uch  cases  care  should  be  laken  to  see  that  the  needle  rests  at  zero 
rhcn  no  current  is  flowing,  and  then  the  key  should  be  depressed 
tnd  the  adjustments  made  with  a  steady  uninterrupted  current 
aniil  the  needle  again  comes  to  zero. 

The  ditTerential  galvanometer,  although  a  first-rate  instrument 
for  comparing  two  resistances  by  the  equalisation  method,,  loses  in 
simplicity  and  rapidity  when  shunts  have  to  be  used  and  allowed  for. 
By  means,  however,  of  a  piece  of  apparatus  known  as  the  '  Wheat- 
stone  Bridge,'  the  value  of  any  resistance  can  be  readily  measured. 
Tie  principle  of  this  invaluable  apparatus  is  very  simple,  and  is 
explained  by  the  diagram  (fig.  8i).  Let  us  suppose  two  wires, 
A«  c  B  and  k  i  d  n,  either  equal  or  unequal  in  resistance,  to  be 


fDfncd  up  in  parallel  and 
them,  as  shown  in  the  figure. 


It  through  or  divided  between 
;  current  will,  as  already  ex- 
plained, divide  itself  between  the  two  wires  inversely  as  their 
redstances,  but,  for  our  present  purpose,  the  current  strength  is  a 
natter  of  little  or  no  importance. 

li,  now,  one  end  of  a  galvanometer  coil,  G,  is  joined  to  any 
point,  e,  in  one  wire,  and  the  other  end  to  a  point,  g,  in  the 
Other,  very  near  to  the  junction  b,  a  deflection  of  the  galvano- 
meter needle  will  be  observed,  indicating  a  current  flowing  from 
tV>  g. 

On  removing  the  galvanomeler  wire  from  g  and  joining  it  to 
another  point,  A,  also  in  the  second  wire,  but  very  near  to  a,  the 
galvanometer  will  again  indicate  a  current,  but  flowing  in  the 
tererse  direction,  viz.  Irom  h  to  e.  If  contact  were  successively 
made  at  points  along  the  wire  a  Ir  d  b  farther  from  a,  the  current 
»outd  become  feebler  and  feebler  until,  finally,  a  pcint,_/;  would  be 
found  at  which  the  needle  would  not  be  affected  at  all,  showing 
the  absence  of  a  cnrient  through  the  galvanometer. 


I 
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There  cin  be  but  one  explimation  to  these  experiments 
W.1S  clearly  laid  down  and  demonstrated  in  Chapter  II.  that  nho- 1 
ever  a  current  of  elect f  icily  flows,  it  does  so  invaiiably  in  virtue  cf  1 

a  difference  of  potential  between  the  extremities  of  the  conductor 
through  which  it  flows,  and,  conversely,  whenever  the  extremities 
of  a  conductor  are  at  different  potentials  a  current  flows  through 
it.  These  two  facts  must  never  be  lost  sight  of,  for  they  consiiiuie 
the  key  to  a  host  of  electrical  phenomena  and  problems.  Inasmucli, 
then,  as  it  was  seen,  by  the  evidence  of  the  gaUanometer,  c,  fig.  8a. 
that  a  current  passed  through  it  when  its  terminals  were  connected 
to  the  points  e  and  g,  and  to  the  points  e  and  h,  the  curretii  oi 
currents  flowed  as  a  consequence  of  a  diflerence  of  potential 
between  those  points.  And  the  absence  of  a  current  on  connect- 
ing the  points  e  audy  together  is  an  equally  clear  proof  that  those 
two  points  were  at  the  same  or  equal  potentials.  If  we  suppose  a 
to  be  at  a  higher  potential  than  b,  and  connect  the  galvanometer 
directly  to  those  points,  so  tliat  it  shall  share  the  current  arriving 
at  A,  the  needle  will  be  defected  to  one  side  or  the  other,  the 
particular  deflection  being  governed  by  the  direction  of  the  current 
round  the  needle.  Let  us  suppose  the  deflection  to  be  to  the  righL 
Then,  on  connecting  the  galvanometer  to  a  and  g^  or  eien  to 
e  and  f,  the  deflection  will  also  be  to  the  right,  and  will  establish 
the  fact  that  the  potential  at  e  is  higher  than  that  at  g.  On  the 
other  hand,  the  opposite  deflection  which  is  obtained  when  the 
galvanometer  is  connected  to  e  and  h  affords  ample  proof  that  iht 
potential  at  k  is  higher  than  that  at  e.  Now,  as  the  ends  of  the 
two  wires  at  a  are  always  at  the  same  potential,  and  as  the  ends  ^l 
B  are  also  at  the  same  potential,  although  lower  than  that  at  a,  ii 
follows  that  the  fall  of  potential  along  Ka  CR  must  equal  thai 
along  Kb  d^.  It  also  follows  that  if  we  fix  upon  any  one  point 
in  either  of  the  wires,  there  must  always  be  a  point  somewhere  in 
the  other  wire  which  will  be  at  exactly  the  same  potential,  and  if 
these  two  points  are  connected  together  no  current  can  possiWy 
flow  between  them.  Herein  is  the  underlying  principle  of  the 
Wht^tstone  bridge. 

We  must  now  endeavour  to  discover  what  relation,  if  anv, 
exists  between  the  resistances  of  the  four  sections  into  which  these 
wires  are  divided.    Let  the  resistance  of  the  section  between  a  and 
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lenoted  by  «,  that  between  a  and/by  b,  between  t  and  b  by 
i  between/and  b  by  d. 

be  difference  of  potential  between  a  and  t  is  equal  to  that 
«n  A  and/;  call  this  p,. 

gain,  the  difference  of  potential  between  t  and  B  is  equal  to 
letweenyand  b  ;  call  this  Pj. 

ow  we  have  seen  that  in  e\'ery  case  (since  by  Ohm's  law 
nt)  the  difference  of  potential  between  any  two  points  is  equal 
e  current  flowing,  multiplied  by  the  resistance  of  the  con- 
w  between  those  points. 

ai^>06e  the  current  flowing  in  the  upper  branch,  a  «  b,  to  be  c,, 
lut  in  the  lower  branch,  a/b,  to  be  Cj. 
I  P,  =  Ci  X  <z ; 

I'i  =  C,X*; 
efere  c,  xa  =  c,x^. 


P,  =  C,Xf, 

F,  =  C,X</, 

n                      c,Xf=c,x</, 

<•_£* 

i     c, 

l-,» \ikeirae equal  to  £!; 

'                          Ci 

">«>'                      \-'l,     ^ 

. 

L|it  ibe  ceUtion  between  the  *^^| 

^which  we  sought 

■■jad  we  mighi,  in  the  saiil^^| 

^e  that  it  holds 

^^Buues  where  the  resistances 

^Krenl  values. 

^^WU]r  alsQ  be  viewed^H 

^^kr  standpoint. 

^^^^HLfJong  a  conduct  or  ^^1 

^^^kial  to  its  re- 

^^^^^iclj-,           rcsistnnc^l 

^^Kctor  is  pro- 

^^^■^itmial  which  tiH 

^^^Lgit    Now, 

^^^^BLaloiig          two  iS 
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The  stretched  wire  must  be  of  considerable  resistance  s 
to  make  the  fall  of  potential  per  unit  of  length  appreciable,  ai 
should  be  of  some  hard  durable  metal,  otherwise  it  would  becom 
worn  by  the  slider  and  its  uniformity  of  resistance  destroyed, 
these  reasons  the  wire  should  be  made  of  German  silver,  platir 
silver,  or  platinoid.  A  key  should  be  inserted  in  the  battei; 
circuit,  to  prevent  the  current  being  kept  on  longer  than  n 
and  healing  the  wires.  Extra  resistance  in  the  galvanometer 
battery  circuits  introduces  no  error,  merely  reducing  the  si 
ness  of  the  arrangement.  But  it  is  important  to  secure  good  clean 
connections  in  the  other  branches,  as  any  resistance  introduced 
there  might  cause  a  great  error  in  the  result.  To  obtain  the  twsl 
results  the  resistance  of  the  battery  should  be  low  and  its  e.m,f. 
high  ;  the  resistances  in  the  arms  of  the  bridge  should  not  differ 
P„.  ^  very  greatly,  and  the 

galvanometer  must,  of 
course,  be  sufficiently 
delicate  to  indicate 
the  difference  of  po- 
tential caused  by  mov- 
ing the  slider  throu;jh 
the  shortest  measur- 
able distance.  But  the 
length  of  the  wire  OQ 
the  gal vano met er  must 
not  be  indefinitely  in- 
creased to  attain  this 
result,  otherwise  the 
resistance  so  added  reduces  the  current  in  a  greater  proportion 
than  the  deflective  effect  is  increased. 

There  is,  in  fact,  for  every  separate  test,  a  certain  resistance 
which  it  would  be  best  to  give  the  galvanometer.    In  pracdce, 
however,  we  can  do  no  more  than  wind  the  galvanometer  in  suc^  J 
a  manner  as  will  make  it  best  suited  to  the  average  conditiontl 
under  which  it  will  be  employed.     For  an  ordinary  sUde-w 
bridge  the  galvanometer  resistance  should  not  greatly  exceed  a 
ohm. 

The  sh'de-wire  bridge  a.r\s"«era  «eU  in  a  laboratory,  i 
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exceedingly  valuable  for  measuring  low  resistances,  A  more  prac- 
tical forni  of  the  Wheatstone  bridge  and  one  which  is  very  lai^ely 
used  for  general  work  is  shown  in  fig.  85,  and  its  connections  in 
H.  86. 

There  is  no  exposed  stretched  wire  here,  but  all  the  resistances 
ic  placed  in  a  mahogany  box  with  an  ebonite  top,  their  ends 
H.  ing  connected  to  brass  blocks  fitted  with  plugs  as  in  the  case  of 
any  ordinar>'  resistance -box.  These  resistance  coils  are  measured 
uith  extreme  care,  and  the  value  of  each  in  ohms  is  marked  (often 
indistinctly,  by  the  way) 
upon  the  ebonite.  Double 
terminal  screws  are  em- 
ployed to  avoid  risk  of 
resistance  being  introduced 
by  the  careless  conneciion 
of  two  wires  on  to  one  ler- 
minal.  In  the  general  view  [ 
it  will  be  seen  that  there  \ 
are  two  keys,  each,  when  ) 
depressed,  making  contact 
niih  a  meud  stud;  these 
keys  are  marked  a'  e'  in 
fig.  86.  A  terminal  screw 
is  connected  to  each  key, 
ind  to  the  right-hand  one 
15  joined  the  zinc  pole  of  the  testing  battery.  The  stud  under 
this  key  is  connected  beneath  the  ebonite  cover  to  the  brass  block 
B  in  the  middle  of  the  back  row  of  resistances,  so  that  the  zinc 
pole  of  the  battery  is  joined  to  this  block  when  the  right-hand 
key  is  depressed.  It  is  at  this  point  then,  corresponding  to  11,  the 
junction  of  q  and  s  in  fig.  83,  that  the  current  divides,  and 
on  either  side  are  three  coils  of  10,  100,  and  1,000  ohms  respec- 
tively, any  or  all  of  which  can  be  inserted  at  jileasure.  At  each 
end  of  this  row  of  coils  is  a  terminal  screw,  and  the  galvano- 
metet  is  joined  up  to  these  points.  But,  as  we  have  seen,  it 
is  necessary  to  have  a  key  in  the  galvanometer  circuit,  and  it 
b  very  convenient  to  place  both  keys  close  together,  as  shown. 
One  •fit  from  the  galvanometer  is  therefore  brought  to  terminal 
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k' — that  is,  to  the  left-hand  key— and  the  stud  i3nder  this  key  is 
connected  to  terminal  a,  as  shown  by  tiie  dotted  line.  There- 
fore, when  a'  is  depressed,  this  side  of  the  galvanometer  ii 
joined  to  terminal  a.  The  other  side  of  the  galvanometer  goes 
direct  to  terminal  c.  The  two  '  arms  '  of  the  bridge,  b  a  and  b  c; 
correspond  to  9  and  q  in  fig.  83,  and  the  arm  marked  R  in  that 
ligure  here  consists  of  a  number  of  coils,  ranging  from  i  ohm  to 
4,000  ohms,  placed  between  the  terminals  d  and  e.  We  have 
thus  three  arms  of  the  bridge  of  known  values,  and  the  fourth,  or 
unknown  resistance,  x,  is  placed  between  terminals  c  and  e.  The 
copper  pole  of  the  battery  is  brought  direct  to  terminal  E,  which 
corresponds  to  the  junction  of  p  and  R  in  fig.  S3.  Between  the 
arms  e  a  and  d  e — ^that  is,  between  the  terminals  b  and  d — is  a 
space  marked  '  infinity.'  There  is  no  coil  connected  to  the  two 
blocks  at  this  point,  so  that  the  resistance  is  infinite,  thai  is,  the 
circuit  is  disconnected  when  the  plug  is  removed.  This  arrange- 
ment is  exceedingly  useful,  for  it  is  possible  to  increase  the  range 
of  measurement  considerably,  by  removing  the  plug  and  inserting 
an  extra  box  of  coils  in  the  circuit  here  ;  and  further,  it  is  often 
convenient,  in  some  tests,  to  be  able  to  separate  the  coils  into  two 
independent  sets.  There  is  a  second  'infinity  plug'  between  the 
I  o  and  30  ohm  coils,  and  when  using  the  apparatus  simply  as  a 
set  of  resistance  coils  these  plugs  maybe  used  as  keys  for  dis- 
connecting or  joining  up  the  circuit. 

Now,  suppose  the  bridge  to  be  properly  joined  up,  with  an 
unknown  resistance  Xy  the  value  of  which  it  is  desired  to  find, 
between  c  and  £. 

It  is  clear  that  a  and  c  are  the  points  which  we  want,  by  ad- 
justing the  various  resistances,  to  bring  to  the  same  potential,  and 
the  galvanometer  is  connected  to  these  points  so  as  to  indicate 
when  this  result  is  attained.  We  begin  by  inserting  some  resist- 
ance in  the  arms  Ba  and  DC,  say  100  ohms  in  each.  These 
resistances  are  not  again  altered  during  the  measurement,  but  the 
adjustment  is  made  by  varying  tlie  amount  of  resisL-uice  in  the 
arm  D  E  until  the  galvanometer  shows  that  a  balance  has  been 
obtained.  ^Vhen  this  happens  the  value  of  the  unkno 
Sncc,  X,  is  equal  to  the  amount  which  has  been  inserted  in 
Much  time  may  be  saved  and  greater  accuracy  en; 
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by  taking  a  test  methodically,  and  the  following  points  should  be 
attended  to.  Before  starting  it  should  be  ascertained  that  the 
plugs  are  firmly  in  their  places  and  that  all  the  connections  at  the 
tcnninals  are  good,  and  to  ensure  this  it  is  advisable  to  lake 
adMiniage  of  the  double  terminals  provided,  and  pbce  only  one 
wire  on  each  screw.  The  galvanometer  having  been  placed  in  a 
jxisilion  convenient  for  the  experimenter,  some  coils  in  each  of 
the  three  arms  must  be  put  into  circuit,  the  amount  in  the  arms 
I)  E  being  made  as  near  the  unknown  resistance  as  can  be  guessed. 
The  right-hand  key  should  be  depressed  and  then,  a  moment 
.nerwards,  the  left-hand  key,  and  the  galvanometer  oijserved ; 
i.ibably  the  latter  will  indicate  the  passage  of  a  cunent,  and  it 
■  iuld  always  be  found  which  way  the  needle  moves  when  the  resist- 
-iiLC  in  the  arm  D  E  is,  say,  too  high.  If  that  is  done,  one  can  see, 
immediately  the  needle  moves,  whether  it  is  necessary  to  increase 
or  reduce  the  resistance  in  D  E  in  order  to  gel  a  balance.  This  is 
much  quicker  than  obtaining  the  balance  at  random.  The  gal- 
■  inometer  key  must  only  be  lightly  lapped  so  as  to  just  indicate 
■i  which  direction  the  resistance  must  be  varied,  until  a  balance 
IS  neatly  obtained,  when  it  may  be  held  down  for  a  longer 
iJiriod.  This  prevents  a  heavy  current  being  passed  through  the 
galvanometer ;  and  the  student  will  hardly  require  warning  that  if 
the  battery  is  kept  on  too  long  the  coils  will  become  mote  or  less 
heated  and  their  resistance  varied.     It  should  also  be  borne  in 

ruind  that  with  a  very  delicately  made  instrument  a  suddenly 
■ppUed  heavy  current  is  likely  to  injure  the  needle  or  the  pivoL 

We  considered  above  the  simple  case  when  the  resistances  of 
the  arms  b  a,  b  c  were  equal,  but  the  bridge  is  not  always  used 
under  these  conditions. 

If,  for  instance,  the  unknown  resistance  is  comparatively  low 
and  we  desire  to  measure  it  to  within  a  fraction  of  an  ohm,  it  is 
then  necessary  to  have  these  arms  of  unequal  resistance;  we 
should,  in  fact,  make  Ba  too  ohms  and  tic  lo  ohms.  Then,  if  a 
Itilance  were  obtained  with  1 3  ohms  in  d  e,  *  would  be  eq.ial  lo 
1  3  ohms.     For,  by  the  principle  of  the  bridge, 
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And  by  using  1,000  ohms  in  ba  and  10  in  BC,  measutemeiils to 
within  1-Jti  of  an  ohm  might  be  made. 

When  the  unknown  resistance  is  very  high,  then  the  ratio  must 
be  reversed,  taking,  say,  10' in  b  A,  and  i,ooo- in  BC  If,  now,  a 
balance  is  obtained  with  1,309  ohms  in  d  e,  then 


:  1309  = 


130900 


When  usii  g  this  ratio  it  is  not  always  possible  to  obtain  a 
perfect  balance  and  so  determine  the  unknown  resistance  exacdy, 
because  the  lowest  unit  in  the  arm  d  e  is  i  ohm,  and  this  is 
equivalent  to  100  ohms  in  the  unknown  resistance.  For  instance, 
if  in  the  last  test  the  unknown  resistance  were  130,925  ohms,  it 
would  be  necessary  to  increase  the  resistance  in  D  E  by  a  quarter 
of  an  ohm  in  order  to  get  a  perfect  balance,  and  this  fraction  is 
not  at  our  disposal.  A  supplementary  set  of  resistances  having 
fraclional  values  may  be  inserted  between  the  terminals  a  and  D, 
provided  that  the  arrangement  is  sufficiently  sensitive  for  the 
galvanometer  to  respond  to  the  change  produced  by  these  fractions 
of  an  ohm  ;  but  for  general  work  it  is  sufficient  to  know  the  value 
of  a  very  high  resistance  to  within  10  or  zo  ohms,  and  this  can 
always  bt;  estimated  by  observing  the  movements  of  the  needle 
when  ihe  resistance  in  D  e  is  less  than  1  ohm  too  high  and  less 
than  I  ohm  loo  low. 

It  may  be  remarked  that  the  efficiency  of  the  Wheatslone 
bridge  is  reduced  by  the  injudicious  choice  of  a  battery,  more 
frequently  than  by  any  other  cause. 

The  point  to  be  borne  in  mind  is,  that  a  considerable  fell  of  ■ 
potential  is  necessary  along  the  amis  of  the  bridge,  that  is,  betweea' 
the  points  A  and  b  in  fig.  82,  The  greater  the  difference  of 
potential  between  these  points,  the  greater  will  be  the  effect  on  thd 
galvanometer  needle  for  a  given  change  in  any  of  the  resistance^ 
and  therefore  the  higher  the  degree  of  accuracy  to  which  we  caa( 
measure.  Now,  supjxjse  the  bridge  to  be  of  the  slide-wire  fom^ 
and  the  resistance  of  the  arms  between  a  and  b  to  be  2  ohms. 
If  we  employ  a  battery  of  10  Daniell  cells,  having  a  resistance  oC 
"  ghms  per  cell,  the  potential  difference  between  a  and  B  will  bt 
liderably  less  than  three-quarters  of  a  volt,  all  the  rest  of  fe 
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fjll  taking  place  inside  the  battery.  A  single  Grove  celt,  having  a 
resistance  of  'a",  could  maintain  about  i'8  volts  under  similar 
conditions,  although  its  e-m.f.  is  only  one-fifth  of  that  of  the 
Daniell  battery.  This  clearly  shows  the  evil  effect  of  resist- 
ance in  the  battery,  and  it  is  evident  that  when  the  resistances 
in  the  bridge  are  low,  the  battery  employed,  while  having  a 
sufficiently  high  e.m.f.,  t/iust  have  a  very  low  internal  resistance. 
When,  however,  the  resistances  are  high,  resistance  in  the  battery 
circuit  is  not  so  harmful  (as  the  fall  of  potential  in  any  part  of  a 
circuit  is  directly  proportional  to  the  resistance  of  that  part),  and 
a  battery  of  Daniell  cells  may  be  employed.  The  e.m.f.  of 
the  battery  is  often  kept  unnecessarily  low  to  avoid  a  strong 
current  heating  the  coils ;  there  is,  of  course,  a  limit,  but  by  a 
«kiliiil  manipulation  of  the  keys  provided,  the  time  during  which 
the  current  need  be  kept  on  is  so  very  short  that  the  heating  is  in- 
appreciable;  We  have  remarked  that  it  is  better  to  depress  the 
battery  key  first,  and  allow  the  current  to  become  steady  before 
tapping  the  left-hand  key  and  throwing  the  galvanometer  in 
citcuiL  A  very  short  lime  is  sufficient  for  this,  but  extra  care 
should  be  taken  that  it  is  done  when  the  unknown  resistance  is  an 
electro- magnet,  or  any  coil  which  is  liable  to  the  phenomenon  of 
'self-induction'  (see  Chapter  VII.),  or  when  it  has  any '  electrostatic 
capacity,' '  as  in  the  case  of  a  telegraph  line  or  cable,  otherwise 
tlie  needle  will  move  violently,  althougli  the  actual  resistance  may 
be  truly  balanced.  To  enable  the  student  to  undursland  how  the 
nature  of  the  resistance  can  cause  the  potential  at  any  two  points 
to  Ije  widely  different  when  the  current  is  starting  or  stopping,  and 
y«  equal  when  it  is  steady,  we  may  employ  an  analogy.  Suppose 
we  have  two  equal  iron  water-pipes  joined  up  as  in  fig.  82,  with 
Bome  piece  of  apparatus  to  indicate  a  difference  or  equality  of 
pressure,  in  the  place  of  the  galvanometer,  the  points  f  and/being 
at  equal  distances  from  a  or  b.  Then,  the  pipes  being  equal  in  all 
rtspects,  the  pressure  at  e  and  /  will  always  be  equal,  no  matter 
ht™  the  difference  of  pressure  at  a  and  b  may  be  varied.  If, 
now,  one  branch,  a/b,  is  replaced  by  a  very  flexible  india-rubber 


I 
I 


Ekdrkal  En^t 


pipe  of  simihr  dimensions,  this  no  longer  holds  good.  Suppoee 
the  pijies  to  be  empty  and  then  water  at  a  high  pressure  to  be 
forced  in  at  A ;  the  pressure  at  e  will  rise  quicker  than  at /because 
the  flexible  pipe  expands,  and  this  occupies  a  short  time.  When 
the  expansion  has  reached  its  limit  ihe  pressures  at «  and /an 
equal,  but  on  suddenly  stopping  the  flow  at  a,  the  pressure  at/ 
becomes  higher  than  at  e  for  a  brief  moroent  o«ing  to  the  con- 
traction of  the  pipe. 

Somewhat  similarly,  as  we  shall  see  later  on,  a  cufrent  of 
electricity  can  never  rise  to  its  full  value,  nor  die  away  instanta- 
neously ;  for  this  reason,  the  coils  of  the  bridge  are  so  nound 
that  in  them  the  rise  or  fall  is  very  rapid,  and  when  the  unknown 
resistance  is  such  that  the  rise  or  fall  takes  place  at  a  dilTetent 
rate,  the  current  must  be  allowed  to  become  steady  before  the 
second  key  is  closed. 

The  peculiar  method  of  winding  the  bridge  coils  is  also  useful 
in  preventing  any  direct  action,  which  might  be  caused  by  the 
current  circulating  in  them,  being  produced  upon  the  galvano- 
meter needle.  When  an  electro -magnet  is  being  measured,  (he 
galvanometer  must  be  placed  far  enough  away  to  avoid  its  being 
affected  when  the  current  is  passed  through  the  electro-magneL 
When  there  is  any  reason  to  suppose  that  some  such  effect  as  this 
exists,  the  battery  key  should  be  closed  and  opened  several  limes, 
the  galvanometer  key  being  left  open  and  the  needle  watched  If 
it  moves  at  all,  we  have  proof  positive  that  some  portion  of  the 
apparatus  is  producing  a  disturbing  effect  upon  the  galvanometer. 

We  will  describe  one  other  test,  known  as  the  '  Loop  test,' 
which  is  rather  interesting,  and  may  prove  useful  to  an  eleOtic- 
light  engineer. 

When  both  ends  of  the  unknown  resistance  are  not  easily 
accessible,  it  may  be  mea.sured  by  joining  one  end  to  the  terminal 
c,  and  connecting  the  distant  end  to  earth.  The  terminal  e- 
that  is,  the  junction  of  the  arm  d  e — and  the  copper  pole  of  the 
lattery  are  also  put  to  earth,  and  then  the  lest  can  be  made  in  the 
usual  manner,  because  the  two  earth -con  nee  led  points  are  at  llie 
same  potential,  and  behave  in  precisely  the  same  way  that  they 
would  if  they  were  joined  to  a  common  tenninaL  A  leakage 
imetimes  occurs  in  a  covered  wire  or  cable,  which  allows  more 
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or  less  or  the  current  to  escape  to  earth,  provided  some  other 
]>oint  of  the  system  is  also  earthed.  It  is  nccef^^aiy  to  be  able  to 
determine  the  distance  of  such  a  'fault,'  or  point  of  leakage,  and 
thb  might  easily  be  done  by  disconnecting  the  line  beyond  it, 
xnd  then,  treating  the  fault  as  an  earth,  measuring  the  resistance 
of  the  wire  up  to  this  earth  as  described  above. 

It  rarely  happens,  however,  that  any  fault  develops  which  does 
not  offer  considerable  resistance  to  the  passage  of  [he  current  to 
earth,  and  as  the  amount  of  this  resistance  is  never  known  it 
cannot  be  allowed  for.  Further,  the  resistance  frequently  varies 
so  rapidly  that  it  is  not  possible  to  obtain  a  balance  at  all,  and 
some  different  arrangement  of  the  bridge  is  necessary.  We  have 
seen  that  in  the  baltery  circuit  extra  resistance,  and  even  variable 
resistance,  causes  no  error  in  the  result,  although  it  reduces  the 
tensiiiveness  of  the  bridge  ;  and  if  this  variable  earth  fault  can  be 
placed  in  the  battery  circuit,  we  can  ignore  its  resistance  altogether. 
This  can  readily  be  done  if  both  ends  of  the  wire  are  accessible  ;  if 
not,  it  is  necessary  to  have  a  second  or  return  wire,  and  connect 
the  distant  ends  of  the  two  together.  This  arrangement  is  shoivn 
in  fig.  87.    Thecopper  ^^^^^ 

piile  of  the  Ijaltery  is 
put  to  earth,  the  ^inc 
liole  being  always 
joined  to  line  in  fault- 
testing,  as  the  current 
in  that  direction  — 
usually   by  an  electro-  '"'   '"' 

Ijtic  effect— decreases  the  resistance  of  the  fault,  e  n  is  the 
(julty  wire,  the  fauU  being  shown  at  /  C  U  is  the  sound  wire  by 
means  of  which  we  reach  the  other  end  of  the  faulty  wire,  the  two 
being  looped  together  at  B.  The  good  wire  is  joined  to  terminal 
C  and  the  faulty  one  to  e.  On  depressing  the  battery  key  the 
cunent  flows  through  the  bridge  and  tlie  lines,  finding  earth  at 
the  fault,  and  a  balance  can  be  obtained  in  the  usual  way.  Let 
K  be  the  resistance  inserted  in  a  e,  and  let  x  represent  the  un- 
known resistance  of  the  faulty  wire  from  e  to  the  fault  at/  Then 
the  total  resistance  of  this  arm  of  the  bridge  is  K-^x.  The  other 
arm  consists  of  the  sound  wire,  c  B,  and  that  portion  of  the  faulty 
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I  wire  from  b  to  ^    Let  the  total  resistance  of  this  ann  be  called  j*. 
[  Let  d  be  the  resistance  in  b  c,  and  b  that  in  b  a,  then 
a  :y  v.  li :  r+j:, 

ih^'is,  ^  =  ^x(R+A-) or 

Wi;  have  here  two  unknown  quantities,  x  and  y,  and  niual 
therefore  get  a  second  simple  equation  in  order  to  eliniitiate  one 
of  them.  It  is  clear  that  the  total  resistance  of  the  two  lines  is 
x+y,  and  usually  this  is  known  ;  if  not,  it  can  be  measured  by 
joining  up  the  bridge  in  the  ordinary  way  (that  is,  connecting  the 
copper  pole  of  the  batlcry  to  terminal  e),  and  measuring  the 
resistance  of  the  loop  as  if  no  fault  existed ;  for  there  will  then  be 
no  leakage  at  the  fault,  as  no  other  part  of  the  system  is  cartbcd. 
Suppose  the  resistance  thus  found  to  be  L  ohms,  then 
x^y  =  L ; 

therefore  y  =  ^.—x (j). 

Therefore,  from  equation  (i), 

«x  (.+,)  =  ,,-.; 

therefore 


we  make  a=b,  as  is  frequently  done  in  this  test,  then, 


^^k   has  a 


or,  we  simply  subtract  the  resistance  in  A  E  from  [hat  of  the  two 
lines,  and,  dividing  by  2,  obtain  the  value  of  a:. 

Now,  X  is  the  resistance  in  ohms  from  e  to  the  fault ;  tht 
length  of  the  wire  e  b  is  known,  and  therefore  ils  resistance  pcf 
mile,  or  any  other  unit  of  length,  is  known.  Thus  we  can  at  once 
ascertain  the  distance  of  the  fault  in  miles  or  yards  by  dividing  x 
by  the  resistance  per  mile  or  per  yard. 

The  galvanometer  used  with  the  form  of  bridge  above  described 

has  a  resistance  of  800  ohms  ;  it  is  shown  in  lig.  88,  and  is  a  very 

iHstrument — portable,  ^et  capable  of  giving  evidence  of  j 
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very  small  potential  difference.  When  joined  up  in  circuit  with  a 
resistance  of  20,000  ohms,  and  a  s,ing!e  Daniell  cell  (the  current 
then  being  about  one  twenty -thousandth  of  an  ampere),  it  will 
give  a  deflection  of  25°. 

The  coil  consists  of  many  turns  of  fine  silk-covered  wire, 
iFound  on  a  single  brass  bobbin.  The  needle,  which  is  pivoted, 
lies  exactly  in  the  centre  of  the  coil,  and  is  quite  covered  by  it. 
At  right  angles  to  the  needle  is  fixed  a  pointer,  which  projects 
from    the    coil,    and,  p,,^  gj 

passing  over  a  scale 
and  a  strip  of  look- 
ing -  glass,  indicates 
the  slightest  move- 
ment of  the  needle. 
A  le\er  is  provided  ^ 
for  lifting  the  needle 
from  its  pivot  when 
not  in  use,  and  each 
end  of  the  coil  is  con  - 
necled  to  a  terminal 
which  is  insulated 
from  the  brass  casing  by  ebonite.  The  features  in  the  design  of 
the  instrument  which  enable  it  to  respond  to  very  feeble  currents 
are  the  great  length  of  wire  employed,  the  nearness  of  this  wire  to 
the  needle,  and  the  lightness  and  excellent  pivoting  of  the  needle, 
which  allow  it  to  move  easily. 

Another  form  of  Wheatstone  bridge  is  shown  in  fig.  8g.  This 
has  a  very  great  range,  and  some  of  its  coils  are  joined  up  dif- 
ferenily  to  those  in  the  apparatus  last  described. 

The  two  '  ratio  arms '  each  consist  of  five  coils,  of  i,  10,  100, 
1,000,  and  10,000  ohms  resistance,  and  are  connected  up  in  the 
Osual  manner.  The  arm  which  is  varied  in  balancing  is  divided 
into  four  sets  of  coils,  each  set  consisting  of  nine  equal  coils.  The 
resistance  of  each  coil  in  the  first  set  is  t",  in  the  second  10",  in 
the  third  100",  and  in  the  fourth  1,000".  Sometimes  a  fifth  set 
of  ■!*  each  is  added.  In  the  figure  will  be  seen  10  brass  blocks 
surrounding  a  circular  central  one,  with  which  they  can  be 
separately  connected  by  a  plug.     The  block  partly  hidden  b-j  \\\e 
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plug  is  numbered  o,  and  this  b1ocl  is  connected  to  the  centre  d 
the  next  dial.  Between  each  of  these  numbered  blocks  (except  9 
and  o)  one  of  the  equal  resistance  coils  is  placed,  and  by  nieani 
of  the  plug  any  number  of  them  can  be  brought  into  circuit  For 
instance,  if  the  block  numbered  5  is  so  joined  to  the  centre  plat^ 
the  current  passes  from  the  plate  by  means  of  the  plug,  and  throu^ 
five  of  the  coils  round  to  the  lilock  number  o,  which  is  joined  lo 
the  next  centre  plate,  or,  in  the  case  of  the  hst  dial,  to  a  terminal 
screw.  Some  tests  can  be  very  quickly  made  with  this  form  of 
bridge,  and  the  result  seen  at  a  glance.  Of  course,  the  circ 
disconnected  in  the  variable  arm  every  time  a  plug  is  shifted,  S 
only  one  plug  is  used  for  each  dial. 


mulhods  described  in  this  elupter  can  be  applied,  is  iliai  of  ' 
determining  the  '  insulation  resistance '  of  an  electrical  circuit, 
which  is  accomplished  by  entirely  disconnecting  the  remote  ends 
of  the  conductors,  and  then  measuring  the  resistance  offered  by 
the  insulating  material  to  the  leakage  of  a  current  from  one  con- 
ductor to  another,  or  to  earth.  Should  this  resistance  fall  belo* 
a  certain  prearranged  standard,  evidence  will  be  afforded  of  the 
existence  of  a  fault  which  requires  to  be  localised  and  removed 
forthwith.  The  insulation  of  the  conductors  having  been  proved, 
the  switches  and  other  fittings  may  then  be  joined  up,  ivhen  1 
.  second  careful  lest  should  be  made,  which  in  most  cases  n-ill 
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re*tal  the  fact  that  the  insulalion  resisiance  has  fallen  consider- 
ably, often  as  much  as  50  per  cent.,  due  niQinly  to  surface 
leakage.  By  testing  the  insulation  resistance  of  the  conductors 
separately,  a  ready  means  is  afforded  of  determining  whether 
A  particular  fault  is  in  the  covering  of  the  wire,  or  in  the  fittings, 
-md  it  may  be  observed  that  a  certain  amount  of  leakage  at  tho 
fittings  should  be  deemed  of  less  importance  than  an  equal  of 
c%en  a  smaller  leakage  in  tiie  conductor  covering  ;  for  whereas 
in  the  former  case  it  is  mostly  due  to  moisture  and  therefore  not 
liable  to  any  serious  increase,  in  the  latter  case  it  indicates  a 
damaged  or  inferior  insulating  material,  a  fault  which  will  most 
assuredly  develop  under  the  continued  electrical  stress. 

In  electric  light  installations  very  heavy  currents  and  rather 
high  e.m.f's.  are  frequently  employed,  which  might  cause  serious 
damage  to  life  and  property  should  the  insulation  at  any  point  be 
allowed  10  fall  below  a  certain  standard  or  become  in  any  way 
pky,  and  any  such  fault  would,  of  course,  also  impair  the 
y  of  the  lighting,  to  say  nothing  of  the  eneigy  wasted, 
pihr  conditions  obtain  with  any  system  of  electrical  conductors 
1  fittings  for  any  purpose  whatever,  and  it  is  necessary  that 
ent  means  should  be  available  for  efficiently  testing 
dte  whole  installation,  under  conditions  equally  trying  to  the 
aiaxitnum  stress  which  it  will  be  called  upon  to  sustain  in  practice. 
Especially  most  the  source  of  electrical  power  employed  for  the 
test  Ix:  able  to  develop  an  e.m.f.  at  least  equal  to  the  maximum 
intended  to  be  used,  otherwise  there  will  be  considerable  risk  that 
small  incipient  faults  will  not  be  shown  up  during  the  test,  and  will 
only  become  manifest  when  the  circuit  is  in  practical  use,  and 
nhcn.  therefore,  the  greatest  inconvenience,  and  possibly  damage 
also,  will  result. 

A3  100  volts  is  the  lowest  e.m.f.  which  generally  obtains 
in  practice,  it  is  evident  that  the  employment  of  batteries  for 
icsting  would  be  exceedingly  inconvenient,  so  much  so,  in  fact 
that  an  efficient  test  is  frequently  shirked.  A  small  magneto 
machine,  such  as  we  shall  describe  in  a  subsequent  chapter,  is  far 
more  convenient  and  portable,  but  it  is  hardly  suitable  for  use 
»ilb  the  app;iralus  ordinarily  constructed  for  the  measurement  of 
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resistance.  Within  the  last  few  months  an  instroment  has  b 
introduced  by  Messrs.  Goolden  which  answers  admirably,  and,  ■at 
fact,  is  designed  to  work  with  such  a  machine.  It  is  called  a 
'ohmmeter,'  from  the  fact  that  its  pointer  indicates  ijiriM:tly  the 
number  of  ohms  in  the  resistance  under  mea.siirement.  In  pnty 
tice,  however,  one  does  not  actually  require  to  find  the  exact 
resistance  of  an  installation  within  a  few  ohms  more  or  less, 
is,  indeed,  sufficient  if  the  apparatus  can  assure  us  whether,  unda 
the  stress  produced  by  a  sufficiently  high  E.M.F.,  the  insulation  Hk 
above  or  below  the  standard,  which  we  may  here  suppose  to  be 
fixed  at  t  megohm  (a  million  ohms).  If  below  this  standard,  the« 
p^^  ^_  circuit  should  be  tcsleil  iit 

sections  until  the  fault  it 
localised.  The  apparatus  in 
(luestion  can  promptly  and 
decidedly  indicate  whetl 
a  resistance  is  above  0 
meg  hn  o  below  it,  an4 
upp  ng  o  be  abo^-^ 
of  ou  e  he  nstallation  i) 
pas  ed  as  sa  sfactoty.  A 
op  w  of  he  instrument 
g  en  n  f  g  90,  Whe 
he  mall  sw  ch  is  pbce 
a.  hown  on  he  contact  i, 
he  ou  e  ale  a  is  to  b« 
u  ed  bu  b)  shifting  thtt 
swihoh  on  Haul  hndhu  enal  bng  the  lower 
re  an  obene  db  cad  ng  on  he  nner  scaler  a 
The  w         f  om   1  e    ou    e  of  E  (1      magne  o  machine)  a 

a  a  h  d  o  he  e  n  na!  mark  d  +  and  —  wh  le  wires  leadinj 
fomhee  neobema  daeatahdothe  othfl 
e  m  n  1   m    k  d  x 

I     s  no    po     ble    o  m  a.  u  e    he   h  ghe     es  stances  wifl 
cetanyowhn      o  ohn    o     o  bu    h  nma  erial,  as,  if  th 

insulation  is  below  the  standard,  it  matters  little  whether  tt  U 
:oo,ooo  or  700,200  ohms. 

Fig.  91  is  a  view  of  the  inler'or  of  the  instrument  turn 
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J  position. 
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e  dawn,  the  working  parts  there  shown  being  placed  under  \ 
e  ebonite  slab  on  which  the  sivitch  and  terminaJs  are  fixed 

The  scale  plate  is  sliown  in  fig.  yo.  The  inner  of  the  two  \ 
ales  is  marked  in  d'visions  of  1,000  ohms  from  ten  thousand  up  ' 
t  infinity,  while  the  outer  reads  in  megohms  from  o'l  megohtn  ' 
JBtnfinity,  the  scale  p^^ 

leing   fairly    open 
p  to  5  megohms 
Btheconslructon    , 
r  the    instrument 
■e  are  three  CO  la 
k^own  m  plan   n 
ga)      two    of 
rttfton       a    a      are 
I'lllaced    Mith    their 
r  planes  parallel  and 

E  joined  m  stnes  wh  !e  the  ti  rJ  /  s 
Kvitfa  Its  plane  and  n  at,nctic  axis  at  1  ght  s 
Icoits  a  a      Tht  nner  co  I  ^  is  shaped  s 

I  to  travel  through  aeon  pint  \elyw  derange    Thi.  fi£,ure,  which  is 
I'dcBwn  from  the  under  side,  also  shows  the  small  steel  needle  in 


b  then  lying  in  the  centre  of  the 

b,  and  along  the  common 

ixig  of  the  coils  a  a      In  the 

;  underneath  it  is  placed  a 

weak  l»ar  magnet  nhich 

(usts  Itself  so   as  alwajs  to 

wtrslise    the   efTtct    of    ihi. 

h  s  magnetism,  and,  const: 

mly,     iht.     only     mignetK 

s  acting  upon  the  needlu 

re  those  due  to  the  currents 

I  the  coUs       V  current  pass 

ig  through    ihe  coils  aa,   «hich  irL  of  high  t^si^DiiLe,  tends 
J  keep  the  magnetic  needle  in  the  position  shown,  that 
t^  with  its  length  along  the  common  axis  of  the  coils  a  a. 
length  is  then  parallel  to  the  plane  of  the  coil  b,  and  any  current 
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which  was  described  in  Chaplvr  III.  If  carefully  used  it  will 
remain  constant  for  years ;  but,  as  it  polarises  quickly,  it  should  not 
be  allowed  to  send  so  strong  a  current  as  even  j  railliampere,  and, 
if  possible,  should  only  be  used  in  those  tests,  to  be  presenity 
described,  in  which  the  batteries  are  tested  when  they  are  not 
sending  any  current  at  all,  but  simply  maintaining  a  potcnliol 
difference.  A  rather  serious  drawback  to  this  cell  is,  that  its 
i:_M.F,  %-aries  with  a  change  of  temperature,  falling  as  the  lem- 
perature  rises  ;  and  although,  the  temperature  being  known,  [he 
variation  of  e.m.f.  can  be  allowed  for,  such  calculations  are  very 
inconvenient  and  take  time.  Its  E.M.F.  at  15°  Centigrade  is  1435 
volts. 

The  Daniell  cell  when  in  good  condition  does  not  polarise, 
even  when  developing  a  strong  current,  and  it  has  the  further 
advanLige  that  a  considerable  variation  of  temperature  makes 
little  or  no  difference  in  its  e.m.f.  It  is,  therefore,  a  good 
standard  for  use  in  the  workshop,  and  any  form  of  Daniel! 
cell  in  first-rate  order  may  be  employed,  especially  when  ths 
tests  are  independent  of  the  battery  resistance.  But  it  inusl 
be  remembered  that  the  plates  should  be  bright  and  clean,  the 
supply  of  crj'Stals  in  the  copper  cell  plentiful,  and  the  solution  Id 
the  zinc  cell  half  saturated.     The  f,.m,f.  then  is  i"o79  volts. 

Since  the  current  which  a  battery  can  develop  is  pro|>ortiorul 
to  its  E.M.K.,  it  is  evident  that  the  e.m.f.  of  two  batteries  can  be 
compared  by  observing  the  currents  which  they  send  throii^ 
circuits  offering  fgual  resistances.  The  Daniell  cell  should  be 
used  as  the  standard  in  this  case,  and  if  it  gives  on  a  tangenf 
galvanometer  bj  divisions  deflection  through  a  total  resistance  o( 
say,  1,000",  while  another  ce!l  or  Ijattery  gives  62*5  divisiM* 
through  the  same  resistance,  then 

zs  :  6a-5  ::  e  :  x, 
where  e  is  the  e.m.f.  of  the   sUndard  cell,  and  x 
battery  under  measurement. 
Therefore  x=  ^'"^^''^^^  ^  ..^  ,,„,t,„, 

One  objection  to  this  method  is,  that  it  is  necessary  to  knw 
the  resistance  of  the  batteries,  in  order  that  the  total  resistana 
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nay  be  nade  the  same  in  both  cases ;  but  if  the  resistance  of  the 
iSiemal  circuit  is  comparative! y  high,  then  the  resistance  of  the 
batteries  may  be  ignored. 

In  this  simple  method,  the  resistance  is  kept  constant,  while 
the  current  varies.  The  various  currents  are  then  measured  and 
the  relative  k.m.f.  deduced  therefrom. 

Bot  it  is  also  possible  to  compare  electro- motive  forces  by 
varying  the  resistance  and  Iteeping  the  current  constant,  in  which 
Ose  the  electro -motive  force  is  proportional  to  the  resistance  ;  for, 
the  higher  the  e.m.f.,  the  greater  is  the  resistance  through  which 
it  can  send  a  given  current  One  great  advantage  in  connection 
Prith  this  method  is,  that  any  kind  of  galvanometer  which  may 
le  available  can  be  employed,  because  the  same  deflection  is 
xoduced  in  every  case.  In  order,  therefore,  to  compare  the 
L)C.F.  of  any  battery  .r,  with  the  standard  cell  E,  we  should  join 
ip  the  standard  cell  in  circuit  with  a  rheostat  and  galvanometer, 
vuying  the  resistance  so  as  to  obtain  a  convenient  deflection  of,  say, 
15°,  and  noting  carefully  the  total  resistance,  Ri,  in  circuit.  The 
battery  to  be  tested  should  next  be  joined  up,  and  the  resistance 
altered,  say,  to  Rj,  so  as  to  reproduce  the  deflection  of  45°. 

Then  j:  :  e  ::  r,  ;  r.  or.e=  — --. 

R, 

In  this  test,  too,  the  resistances  of  the  standard  cell,  the  batti-rj', 
and  the  galvanometer  must  be  knowji  and  taken  into  account 
unless  the  resistance  in  the  rheostat  is  comparatively  high,  when 
these  other  resistances  may  be  ignored. 

But  by  a  simple  extension  of  this  method,  it  is  possible  to 

obtain  an  accurate  resuh  without  knowing  either  of  these  three 

nstjlances.     The  process  consists  in  first  joining  up  the  standard 

ttll>  F,  in  the  same  manner  as  in  the  previous  test,  and  then 

sdjusting  the  rheostat  until  a  deflection  of,  say,  45°  is  obtained. 

TTie  resistance  should  then  be  increased  until  the  deflection  falls 

'"'-  ^^y>  35°i  noting  carefully  the  exact  number  of  ohms,  p,  by 

.:li  the  resistance  is  increased,  in  order  to  bring  about  the 

:ii.!ion  in  the  deflection.     The  battery,  whose  electro- motive 

'  t,  X,  it  is  desired  to  measure,  must  now  be  substituted  for  the 

^Undard  cell,  and  the  resistance  again  adjusted  until  the  deflection 

0(45°  is  reproduced.    This  resistance  should  then  be  iucreased, 
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by,  say,  q  ohms  until  the  deflection  is  once  more  35°.     Then,  as 
shown  below, 

a:  :  E  ::  Q  :  p,  or  -T  =  E  ?  volts. 
P 

To  take  an  example.  If  with  the  Daniell  cell  as  a  standard 
the  insertion  of  730  ohms  reduces  the  deflection  10°,  that 
from  45°  to  35",  and  when  the  battery  is  substituted  it  is  foiun 
necessary  to  add  2,300  ohms  10  reduce  the  deflection  through  lb 
same  10°,  then 

X  =  I  "079  X  -^—  =  3'446  volts  nearly, 

This  is  a  very  good  method,  and  it  is  interesting  and  instroc-^ 
live  to  observe  how  the  battery  and  galvanometer  resistances  ar 
eliminated.    This  may  be  shown  by  Ohm's  law  as  follows : 

Let  G  be  the  resistance  of  the  galvanometer,  r^  the  inlenul 
resistance  of  the  standard  cell,  and  r,  the  resistance  in  the  rhw- 
slatwhen  the  needle  is  deflected  through  45°  by  the  cuneni  whose 
strength  is  indicated  by  Ci,  then 


Also  let  fj  be  the  resistance  of  the  battery  whose  e.m.f,  is  tobe_i 
deduced,  and  Ra  'he  resistance  in  the  rheostat  necessary  If 
duce  the  deflection  of  45°,  or  when  the  current  strength  canaf 
be  indicated  by  C,,  then 


OppGsiticm  M^uJ 
ncting  equation  (i)  from  <3)  we  get 


efore 


To  ensure  accurate  remits  it  is  e 
Ihis  test  should  be  suffidenily  si 
ration  in  the  current  strength,  and,  if  pMMr,  ibe  n 
id  Q  should  be  as  high  as  or  eveo  En^Kr  than  Ae  lold  ■ 
e  in  the  circuit  prior  to  their  iasenioa. 
There  is  another  good  method  alncfa  h  aonedna  107 
lient  because  it  is  not  necesauy  to  know  <v  aaoBOM  ike  « 
Littance  of  any  portion  of  tbe  "ff^*",  vheAa  S  Ic 
ranomeler,  the  rheostat,  or  the  battery,  Aoe  beiag  Ac 
:s  required  for  the  test 


-Gr 


lote  the  CM-F.  of  the  standard  ccU  by  x,  and 
he  measured  by  x.  The  standard  oefl  k  lad  bmesj 
ned  up  in  series,  so  that  they  asaia  eidi  Mhn  ■  aa 
irent  through  a  rheostat  or  set  of  '■■^— rr  tmtk,  K, 

igent  galranometcr,  c:  (fig.  93),andtfiCTC»cncea^Me 
iirly  high  deflection,  say,  siity-  ,^ 

e  tangent  divisions,  is  obtained. 
len,  on  reversing  the  standard 
11  (supposing  it  to  be  of  Icmer 
«.».  than  X)  so  that  tbe  two 
il,r,'s,  X  and  E,  are  opposed  to 
ch  other,  the  resulting  current 
11  manifestly  be  due  to  tbe  dif- 
tm  between  tbe  t*o  E.ii.F.s, 
id,  as  the   total   resistance  re- 
wu  unaltered,  the  cutrem  and  the 
B  be  diminished,  say,  to  twenty-fife 
t  fin:  deflection  (sixtj-fire 
d  tbe  second  deflection  (!■ 
p  between  the  two  E.IL|^ 


i-li 


^L     ^indu 


,T  =  i*o7g  X     '  ^—'  =  2'4i8  volts  nearly. 

The  object  of  reversing  ihe  battery  or  celt  of  lower  e.h.t.  is  to 
obtain  Imth  deflections  on  the  same  side  of  the  zero  point.  Were 
the  battery  of  higher  e.m.f.  to  be  reversed,  it  would  cause  the 
needle  to  be  deflected  to  the  opposite  side  of  the  zero,  and  if  the 
pointer  happened  to  be  bent  it  would  cause  an  incorrect  calcu- 
lation. 

If,  when  joined  up  in  opposition,  no  deflection  is  obtained, 
then  the  electro -motive  force  of  the  standard  cell  will  be  the  sa 
as  that  of  the  battery  under  test,  or  e  =  x  The  only  objeaion  to 
the  method  is  that  in  the  first  case  the  weaker  battery,  which  ii 
usually  the  standard  cell,  has  a  rather  strong  current  flowing 
through  it  which  may  lower  its  e.m.i\,  while,  when  joined  in 
opposition,  the  current  is  passing  in  the  opposite  direction  and 
will  almost  certainly  cause  a  slight  increase  in  its  e.m.f.  In  order 
to  eliminate  as  much  as  possible  this  source  of  error,  it  is  advisable 
to  introduce  a  'key'  or  contact-maker  to  open  and  close  the 
circuit  at  will,  as  shown  in  fig.  93.  By  the  skilful  manipulatio: 
this  key  the  needle  can  be  brought  to  rest  immediately  without  x' 
single  oscillation,  and  the  deflection  then  read  before  any  appredablc 
alteration  of  the  e.m.f.  can  take  place.  As  a  further  precaution, 
the  resistance  in  circuit  should  be  made  as  high  as  possible  so  a 
to  reduce  the  strength  of  the  current.  By  such  means  the  objec- 
tion becomes  almost  entirely  obviated.  To  admit  of  high  resist- 
ance being  placed  in  the  circuit,  the  320"  coil  of  the  galvano 
should  be  used  unshunted,  and  the  magnet  placed  rather  low 
down  with  its  north  pole  pointing  northwards,  so  that  it  will  act  ill 
opposition  to  the  earth's  magnetism. 

That  the  resistance  of  batteries  and  galvanometer  need  not  bft 
known  or  ascertained  is  evident  from  the  fact  that  they  form  pad 
of  the  constant  total  resistance,  which  is  the  same  in  each  ca; 
which  does  not  enter  into  the  calculation.  This  may  be  shorn 
ilgebraically,  for  if  we  let  r  indicate  the  total  resistance  in  circuJ 
(including  batteries  and  galvanometer),  c,  the  current  in  the  fin 
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ing  deHection   d,  and  c„  the  weaker  eutttnl,   giving 
n  d,  then 


icrefore    '.--  =  - — ?,  or,  since  ihe  currents  are  proportional 
ihe  deflections  in  tangent  divisions,  =     ~   . 

hence  D  A-  —  D  E  =  Jx  +  Jf, 


.x(i>  -  d)  = 


E(D  +  d), 
^V  +  d 


It  will  doubtless  be  remembered  that,  if  the  poles  of  a  battery 
e  joined  by  a  short  piece  of  thick  wire  having  practically  no  re- 
liance, the  current  flowing  through  the  circuit  wiil  depend  simpljr 
>gn  the  E-M.r.  of  the  batterj-  and  its  iniernal  resistance.  Now, 
;  coils  of  the  tangent  gaharometcr  which  we  have 
:  of  verj- low  reslstaiu  .      .    '  .  .  used  for  the 

mt  of  the  current  whicli  finder  these 

Thus,  supposing  a  1/  [iniell  cdh, 

ice  of  5  nhnw  I"-;  i  i ,,,  ..   .  :  lip  to  lend 

t  through  one  of  iht:  \;-a  n  *'^       utH>  ui  the  tangeM 


ft<T,  tlw  r 


A'injDtlf 
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of  ten  cells  gives  a  current  eijuat  to  that  of  the  standard  ceil,  il 
may  be  fairly  concluded  that  the  battery  is  in  good  condition, " 
if  a  second  similar  battery  gives  a  deflection  of  seven  or  eigh 
degrees  less,  then  the  conclusion  is  that  there  is  something 
with  it ;  its  resistance  is  loo  high  or  its  e.m.f.  loo  low.  The  niaiw 
may  be  quickly  decided  by  joining  up  the  faulty  battery 
sition  with  the  similar  battery  known  to  be  good— that  is  to  sa^ 
joining  their  copper  or  positive  poles  together  and  their  zinc  m 
negative  poles  to  the  galvanometer.  If  they  then  gi' 
tion,  we  know  that  their  electromotive  forces  are  equal,  and  dw 
fault  is  proved  to  be  one  of  high  resistance.  If,  on  the  oihtt 
hand,  a  current  is  produced,  there  must  be  a  difference  in  e.h. 
and  the  fact  that  the  suspected  batterj-  is  the  faulty  one  would  be 
demonstrated  if  the  direction  of  deflection  were  such  as  to  jffOfO 
tlut  the  other  is  urging  a  current  through  it 

But  gaivanoraetets  with  short  thick  wire  coils  having  but  a' 
few  convolutions  are  only  affected  by  very  powerful  currents,  ivA. 
are  only  used  where  it  is  essential  that  the  introduction  of  the 
instrument  into  any  circuit  should  have  no  appreciable  effect  upon 
the  strength  of  the  current  flowing  through  it,  \Vlien  this  re-' 
striction  is  not  imposed  increased  accuracy  can  usually  be  obiaioc4 
by  employing  a  more  delicate  instrument,  in  which  a  coi!  of  manjp, 
turns,  and  generally  of  fine  wire  offering  a  high  resistance,  is' 
ployed;  because,  ahhough  the  current  through  the  galvanometd 
is  weakened  by  the  added  resistance,  the  effect  is  more 
balanced  by  the  increased  nutnber  of  times  which  the  ci 
travels  round  the  needle.  In  fact,  the  flow  of  a  very  feel)le 
current  through  such  an  instrument,  or  the  maintenance  ota  vaj 
low  difference  of  potential  at  its  terminals,  may  suffice  to  prodm 
a  good  deflection,  while  under  similar  conditions  a  galvanomet 
with  a  thick  wire  coi!  would  be  unaffected.  It  was  observed,  wtif 
considering  the  Wheatstone  bridge  method  of  measuring  resisianed 
(Chapter  V.),  that  one  great  advantage  pertaining  to  it  is,  that  ' 
making  the  final  adjustment  only  a  very  weak  current  or  i 
It  all  passes  through  the  galvanometer.  It  is  iherefo 
picticable  in  such  cases  to  use  a  very  delicate  instrument,  and, 
;r  to  prevent  damage  being  done  to  the  needle  or  its  pivot, 
Iprevenl  the  coils  being  fused  by  the  passage  of  a  heavy 
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I  coil  can  be  shunted  until  the  adjustments  are  almost  com- 
Rcd. 

J  It  will  also  be  remembered  that  the  instrument  need  not  be 

■  any  particular  design,  since  the  final  result  is  obtained  with  the 

"' ;  undeflected  ;   a  galvanometer  such   as   this  can  also  be 

Bployed  in  several  methods  which  have  been  dt-vised  for  the 

nparison  of  electro-motive  forces,  in  which  the  instrument  is 

iply  used  to  denote  the  absence  of  a  current,  and  in  which, 

efore,  the  consequent  advantages  are  the  same  as  in  the  case  ' 

Kthe  Wheatstone  bridge.     Fig.  94  shows  the  c 

leihod, 


Bis  the  standard  cell  and  x  tne  battery  whose  e.m.f.  is  to  be 
easured.  Ri  Rj  are  two  sets  of  resistance  coils,  and  g  is  a 
zaxe  galvanometer.  A  certain  resistance  is  introduced  into  the 
uit  by  unplugging  the  necessary  coils  in  R|,  and  the  resistance 
I  is  adjusted  until  the  current  ceases  to  pass  through  tlic 
mometer,  thus  showing  that  the  two  points,  S  and  t,  have 
n  brought  to  the  same  potential.  This  being  the  case,  then 
JT  :  E  ::  Rj :  r,, 

refore  jc  =  e  -i 

I  As  an  example,  suppose  the  Latimer  Clark  cell  to  be  used  as 
tandard,  and  r,  fixed  at  i.ooo  ohms,  while  the  putentials  at  S 
e  equalised  by  making  R,  5,650  ohms,  then 


'■435  > 


1-435  X  5-65  =  S 


8  volts. 


I  It  will  be  obser\'ed  ihat  the  working  out  of  this  e!(am\>le  is 


Hh 
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simplilied  on  account  of  R,  being  made  1,000  ohms.  Foe  this 
reason  it  is  preferable  to  always  make  ihe  resistance  in  the  same 
arm  as  the  standard  cell  some  multiple  of  10,  and  obtain  a  babnee 
by  adjusting  the  other  set  of  coils. 

The  horizontal  galvanometer  designed  for  use  with  the  \V'heal- 
slone  bridge  answers  very  well  for  this  lest,  and,  as  will  be  seen 
from  fijT.  9£,  the  bud^e 
itself  may  be  used  for  the 
two  sets  of  coils  and  then 
the  usual  key  can  be  em- 
ployed in  the  gaU-anomeier 
circuit,  while  the  'infinity' 
plug  between  a  and  d  can 
be  used  to  break  the  liattety 
circuit  and  so  minimise  any 
error  due  to  polarisation. 

WTien  a  delicate  galvano- 
meter is  not  availalile.  K| 
and  R,  must  be  lower,  but  | 
then  tlie  battery  resistances  become  ini|Kirtant  and  cannot  be 
ignored.  They  may,  however,  be  eliminated  by  increasing  one 
of  the  resistances,  say  r,,  by  a  certain  amount,  say  p  ohms,  and 
obtaining  a  balance  again  by  increasing  R,  by  q  ohms.     Then 


therefore  a:  =  e  5. 

p 

The  electro-motive  forces  are,  in  fact,  simply  proportional  to  tk 
increase  of  the  original  resistances  r,  and  r,. 

For  example,  if  after  one  balance  had  been  obtained,  we  were 
to  increase  the  resistance  R,  by  500  ohms,  and  again  obtain  i 
balance  by  adding  2,852  ohms  to  R,  ;  then  p  =  500  and  Q  = 
2852,  therefore 

«=  1-435  X  — ^^  =  8185  volts. 

The  proof  of  the  method  depends  upon  two  laws  demonstrated 
\-)  Kill  lihoir,  which  we  will  endeavour  to  explain. 

i  .1-1  tlic  resistance  R|  be  slightly  reduced,  so  that  the  balance 
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is  apset,  then   ihe   currents  in  the  three  arms  will   flow  in  the 
direction  indicated  by  the  arrows  in  fig.  94. 

The  first  of  Kirehhoff's  laws  (which  is  almost  self-evident  in  the 
|)resent  simple  case),  states  that  the  current  flowing  to  the  point  s 
is  equal  to  the  sum  of  the  currents  flowing  from  it,  that  is, 

C,  =  Ci  +  C (t). 

The  second  law  declares  that  in  any  complete  circuit,  even 
"hen  it  forms  part  of  a  network,  as  R|  est,  the  sum  of  the  pro- 
ducts of  the  current  strength  in  each  arm  into  the  resistance  of 
that  arm  is  equal  to  the  sum  of  all  the  electro -motive  forces  in  the 
circuit.  That  is  to  say,  if  in  each  arm  or  portion  of  the  circuit 
the  individual  resistance  of  that  arm  is  multiplied  by  the  strength 
of  the  current  flowing  through  that  resistance,  and  if  all  the  pro- 
ducts so  obtained  are  added  together,  then  the  sum  so  produced 
Hill  be  exactly  equal  to  the  sum  obtained  by  adding  together  all 
_lhe  clectro-moiive  forces  in  the  various  arms  of  the  circuit. 

The  algebraical  sum  must,  of  course,  be  taken  ;  for  instance, 
two  currenis,  or  two  e.m.f.'s,  are  opposite  in  direction,  one  must 
||e  reckoned  ssplus  and  the  other  as  minus. 

In  [he  circuit  r,  e  s  t  the  only  e.m.f.  is  that  of  the  standard 
■I,  which  we  denote  by  e,  and,  neglecting  the  internal  resistance 
pihiscell,  we  form  the  second  equation  thus  : 

E  =  Ci  R,-!-cc    ....  (2), 

■being  the  resistance  of  the  galvanometer. 
~  Similarly,  in  the  circuit  Kj  x  s  t,  the  only  e,m.f.  is  .v,  but  the 
a  the  two  arms  are  in  opposite  directions.    Therefore 

j:  =  C,R,-CC     ....  (3). 

By  inserting  in  (2)  the  value  of  Ci,  given  in  (i),  we  get 
=  (Cj  +  C)  R|4-C  c, 
it\  E  =  Ca  Ri+CRi+CG (4). 


.(3),  c.  =  ^, 

i,  inserting  this  value  for  Cj  in  (4),  we  get 
^MciL+^  +  CR  4-cc- 

Rj  E  =  C  R]  C  +  R|  ,V-t-C  R,R._, -fC  G  E 


i 


I 


This  ci]iiaiion  gives  us  ihc  value  of  the  currenl  flowing 
galvanometer  circuit  when  the  balance  is  upset,  in  terms  of  ibc 
various  eJectro-motive  forces  and  resistances.  But  in  making  Ihe 
test  we  adjust  so  that  no  current  flows  through  the  galvanometer 
therefore,  when  a  balance  has  been  obtained,  c  =:  o,  and,  conse- 
quently, the  fraction  which  forms  the  right-hand  side  of  equation 
(5)  is  equal  to  o. 

Therefore,  the  numerator  of  the  fraction 

Rl  E-R|  .T  =  0, 

thai  is,  R,  E  =  R,  j:, (6). 

and 


„Ri 


which  proves  the  case  when  the  battery  resistances  are  sc 
as  to  be  negligible. 

Equation  (6)  holds  good,  in  fact,  so  long  as  r,  and  R.^rqircscnt 
the  total  resistance  in  their  respective  arms  of  the  system, 

When  the  resistances  of  the  batteries  cannot  be  ignored,  ihey 
must  be  added  to  R|  and  Rj  respectively  to  make  up  the  loUl 
resistance  in  the  arm,  and  then  equation  (6)  becomes 

E(Rj+r,}  =  jr(R,+r,), (j), 

where  r,  is  the  resistance  of  the  standard  cell,  and  r,  that  of  the 
battery  under  lest,  Abo,  when  Ri  is  increased  by  p  ohms,  andRj 
by  Q  ohms, 

e(r,  +  »-j  +  q)  =  ji:(R|+<'|  +  p), 
that  is,  E  {R^+r^)+E  q  =  x  (r,-|-/',)+ji;  p     .    .    ,   (8J.- 

Subtracting  (7)  from  (8),  we  obtain 


There  are  a  number  of  verj'  beautiful  methods  for  the  compi 
iOn  of  electro -motive  forces,  somewhat  similar  in  principle  to  th( 
^J,described.    We  have  selected  a  few  and  worked  them  out 
,  not  only  because  they  are  in  themselves  interesting,  1: 
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O  bi-cause  ihcy  involve,  in  a  rather  simple  form,  si 
lOrlanC  principles  and  laws  which  the  student  will  do  well  lo  master. 
We  will  now  direct  our  attention  to  a  method  based  upon  a 
omcwhat  different  principle.  In  this  case,  again,  no  current 
Miises  through  the  galvanometer  when  the  final  adjustment  has 
»een  made,  thus  permitting  the  use  of  a  delicate  instrument.  But 
I  further  very  great  point  in  its  favour  is  the  fact  thai  the  batteries 
Jo  not  send  any  current  while  their  e.m.f.'s  are  being  actually 
»mpared.  Consequently,  the  Latimer  Clark  cell  may  be  used  as 
^standard  to  the  best  advantage,  and  the  true  km.f.  of  a  battery 
subject  to  polarisation,  like  the  Leclanche,  can  easily  be  measured  ; 
and  further,  since  no  current  flows  through  the  batteries  or  thu 
gaJvinometer  in  the  battery  circuit,  their  resistances  have  no  effect 
whatever,  and  therefore  need  not  be  known. 

!f  betiveen  the  ends  a  and  b  (lig.  96)  of  a  uniform  German- 
silver  wire  one  metre  (39'37  inches  or  1,000  millimetres)  in  length 


I 


I  potential  difference  of  to  volts  is  maintained,  the  fall  of  potential 
•ill  be  uniform,  say,  from  B  to  a.  Now  it  must  be  possible,  under 
luch  conditions,  to  find  a  point  in  the  wire  such  that  the  potential 
liflcrence  between  that  point  and  the  end  a  shall  be  any  desired 
fnciion  of  10  volts.  For  instance,  between  a  and  the  middle  of 
tVic  wire,  c,  the  difference  is  5  volts.  Furthermore,  if  the  negative 
pole  of  the  Clark  standard  cell  e  is  joined  to  the  point  a,  it  will 
assume  the  same  potential  as  that  point,  while  the  end  of  the  wire 
connected  10  the  positive  pole  will  be  i-43S  volts  above  that 
poienlial.  A  galvanometer  may  be  joined  up  on  either  side  of  e 
iiilhout  affecting  the  final  result,  and  if  the  fi-ce  end  of  the  wire  is 
joined  to  any  point  near  S  a  current  will  flow  through  the  galvano- 
nietef  o  in  opposition  to  the  standard  cell,  because  the  potential 
of  the  point  near  B  is  more  than  1*435  volts  above  that  at  a  ;  while, 
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n  the  other  hand,  if  contact  is  made  at  a  point  ver>'  near 

^hcre  the  potential  is  less  than  i"43S  volts,  the  standard  cell  wjil 

e  able  to  maintain  a  current  through  the  galvanomettr  and  deflect 

the  needle  in  the  direction  opposite  to  that  which  resulted  from 

iking  contact  at  the  point  near  b.     Now,  between  these  t*0 

^positions  a  point,  d,  may  be  found  where  the  needle  will  be 
undeflected,  showing  that  no  current  is  passing  in  either  direction 
through  the  standard  cell  and  galvanometer,  and  this  point  will  be 
such  that  the  difference  of  potential  between  it  and  a  is  equal  lo 
the  maximum  difference  of  potential  which  the  standard  cell  can 

I  produce,  viz.  its  E.M.f.  of  r43S  volts.    Since  each  of  the  ten  eqial 

I  parts  into  which  the  wire  is  divided  represents  a  potential  differercc 
of  one  volt,  the  point  d,  at  which  a  balance  is  obtained  with  the 
standard  cell,  should  be  nearly  midway  between  i  and  2.  If  ihe 
wire  is  perfectly  uniform  in  resistance  the  fall  of  potential  will  aUa 
be  perfectly  uniform,  and  the  exact  position  of  the  balancing-point 
would  then  be  I43'5  millimetres  from  a.  This  shows  the  ad- 
vantage of  having  a  wire  one  metre  in  lenylh  divided  into  milli- 
metres. As  another  example,  suppose  the  standard  cell  were 
replaced  by  a  battery  of  unknown  e.m.f.,  we  could  readily  find 
its  K.M.K.  by  making  contact  at  different  points  along  a  u  until  the 
absence  of  a  current  through  the  galvanometer  indicated  that  t 
point  had  been  touched  where  the  e,m.f.  is  balanced.  If  tlii* 
point  were  970  millimetres  from  a,  then  the  li.M.K.  of  the  batiay 
would  be  97  volts.  We  have  remarked  that  the  resistance  of  the 
galvanometer  and  battery  may  be  high  and  yet  not  affect  the 
final  result.  The  only  objection  to  high  resistance  is  that  when 
the  balance  is  nearly,  but  not  quite,  obtained,  the  potential  dif- 
ference tending  to  send  a  current  through  the  galvanometer  1} 
very  small,  and  if  the  resistance  in  the  galvanometer  circuit  isi^erf 
high  the  resulting  current  will  be  weak  and  may  not  be  able  to 
affect  the  galvanometer.  This  would  prevent  the  lialancing'poii 
being  found  exactly,  and  it  is  a  good  plan,  in  order  to  avoid  sudi 
want  of  sensitiveness,  to  employ  a  very  delicate  galvanometer,  ai 
place  a  set  of  high  resistance  coils  in  circuit  with  it.  At  first, 
the  resistance  should  be  unplugged  ;  it  can  then  be  reduced 

L  the  adjustment  becomes  appro\imately  correct,  the  final  adjmti 
t  being  made  with  all  the  resistance  out  of  circuit.     Injury 
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ilie  galvanometer  may  thus  be  avoided,  and  the  greatest  possible 
degree  of  accuracy  attained. 

It  is  clear  that  if  we  could  with  ceruinty  maintain  a  constant 
potential  dilTerence  between  the  extremities  of  the  graduated  wire, 
no  sUndard  cell  would  be  required,  and  it  would  be  very  conve- 
nient to  be  able  to  measure  E.M.f.'s  as  simply  proportional  to  a 
eeitain  length  of  the  wire.  It  is  difficult,  however,  to  maintain 
any  given  difference  of  potential  between  two  points  for  any  length 
of  time,  and  therefore  in  practice  a  slightly  different  arrangement 
CO  tliat  juit  described  is  adopted.  A  current  is  sent  through  the 
«irc  A  II  (see  fig.  97)  from  some  fairly  constant  generator,  p,  such 


^- a  good  low  resistance  battery  or  a  few  of  the  'secondaty  cells' 

'■ !«  dcocribed  hereafter,  sufficient  to  maintain  between  a  and  b 

.1  jiotcntial  difference  greater  than  that  of  the  highest  e.m.f.  to  be 

jsured-    The  wire  is  stretched  over  a  scale  divided  into  a 

lUiand  parts,  and  therefore,  if  of  uniform  gauge  and  material, 

'.■  fall  of  potential  along  one  of  these  units  is  equal  to  a  thousandth 

irt  of  the  fall  along  the  whole  wire.     The  Clark  cell,  e,  and  the 

ircry  to  be  measured,  .r,  are  joined  up  with  their  negative  poles 

nnected  through  a  galvanometer,  g,  and  a  set  of  coils,  h,  to  the 

'Hit  A,  as  shown  in  fig.  97.    Their  other  poles  are  connected  to 

i:cis,  by  means  of  which  contact  may  be  quickly  made  with  any 

■lilt  along  the  wire.    The  whole  of  the  resistance  is  put  in  circuit 

hrst,  and  the  shder  connected  to  the  standard  battery  is  shifted 

■'■ng  until  a  point  is  found  where  the  deflection  on  the  galvano- 

-'.er  is  lery  slight  when  contact  is  made  with  the  wire  a  b.     The 

[v^iitance  r  is  then  gradually  reduced  until  the  exact  point  (d) 

is  f.'und.     The  distance  from  a  to  d  must  be  carefully  noted,  and 


I 


178  EUetrkal  Engint€ring  chip.  1 

then  a  point,  f,  at  which  the  e.m.f.  of  the  battery  x  is  babnced, 
is  found  in  a  similar  manner.     Now,  the   potential  difTerence 
between  a  and  d  is  equal  to  the  e.m.f.  of  the  standard  cell— l' 
<3|  >~435  volts — and  the  potential  difference  between  a  and  i 
equal  to  the  e.m.p.  of  the  battery  x.     Therefore 

A  D  :  A  F  ::  E  :  X, 
Suppose  A  D  to  be  izo,  and  a  f  685,  di^Kaons  ;  then 

110  :  685::  1-435  :■*; 
tlierefore  x  =  ^^5^' 435  _  g.jg  y^i^s. 

It  will  thus  be  seen  that  it  is  lumecessary  to  maintain  ; 
particular  potential  difference  per  unit  of  length  of  the  wire, 
this  can  be  immediately  found  by  means  of  the  standard  c 
But  it  is  advisable,  after  the  adjustments  have  been  made  as  abc 
to  verify  the  result  by  making  contact  with  both  sliders  at 
the  same  moment,  in  order  to  ascertain  whether  or  not  the  fall  ■ 
potential  has  varied  during  the  test. 

In  fact,  one  great  feature  in  favour  of  this  arrangement  is  d 
the  test  may  so  be  made  that  a  slight  variation  of  the  potent 
difference  at  the  ends  of  the  stretched  wire  need  not  cause  any  em 
the  source  of  inaccuracy  which  has  most  to  be  guarded  against  is 
want  of  uniformity  in  the  wire  itself.     By  using  a  /ew  resisian 
battery  a  greater  proportion  of  the  fall  of  potential  takes  place 
the  external  circuit — that  is,  along  the  stretched  wire— than  wh 
a  high  resistance  battery  is  employed ;   hence  (he  suitability 
secondary  cells  for  this  purpose.     A  greater  length  of  wire  may 
conveniently  obtained    by  stretching   it  backwards  and  forwai 
several   times   upon  a   board.      An  instrument  based  upon  t 
foregoing  principles  for  measuring  potential  differences  is  com- 
monly called  a  potentiometer.     The  wire  is  sometimes  wound  in 
a  spiral  groove  round  an  ebonite  cyhnder,  and,  when  made  in 
this  form,  it  can  easily  be  divided  into  ao.ooo  parts,  but  this  typ.' 
is  rarely  used  for  practical  work. 

In  all  the  preceding  methods  potential  difference  is  measured 
'indirectly  or  by  comparison.     Instruments  have,  however,  been 
!d  which  indicate  directly,  in  volts,  the  difference  of  potenliai 
■n  any  two  points  ;  such  instruments  are  called  voltmeiers. 
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That  invented  by  Major  Cardew  is  very  reliable,  and  it  is  at  the 
same  lime  simple  in  principle.  If  a  wire  is  heated  it  increases  in 
length.  This  linear  expansion  or  extension  is  proportional  to  the 
product  of  the  rise  in  temperature  and  the  coefficient  of  expansion 
for  the  particular  wire,  The  coefficient  of  linear  expansion  is 
defined  as  the  elongation  of  a  body  of  unit  length  when  its 
temperature  rises  from  zero  to  one  degree  (Centigrade),  and  this 
coefhcient  or  proportional  extension  for  platinum  is  o'oooooSS,  SO 
that,  for  an  increase  in  temperature  of  lo"  C.,  a  yard  of  platinum 
wire  would  be  extended  to  i -000088  yards.  By  measuring  the 
amount  of  extension  produced  by  heating  a  wire,  the  increased 
temperature  can  therefore  be  inferred.  Now,  when  a  current  of 
electricity  passes  through  a  wire  il  performs  a  certain  amount  of 
work  in  overcoming  its  resistance,  and  the  generatiort  of  heat  is 
the  result. 

The  rise  in  temperature  resulting  from  the  generation  of  a 
certain  amount  of  heat  does  not,  however,  bear  a  simple  ratio  to 
that  amount  of  heat.  It  depends,  in  fact,  upon  the  time  or  dura- 
lion  of  the  current  and  the  specific  heat  or  calorific  capacity  of  the 
ixirticular  substance.  The  former  of  these  factors  is  so  exceedingly 
apparent  that  we  need  not  further  enlarge  upon  it.  The  specific 
heat  of  a  body  is  defined  as  that  quantity  of  heat  which  it  absorbs 
when  its  temperature  rises  through  a  given  range — say  from  zero 
to  1°  C. — as  compaicd  with  the  quantity  of  heat  which  would 
i)e  absorbed  by  an  equal  mass  of  water  when  its  temperature  is 
waited  through  the  same  range.  If,  for  example,  a  pound  of 
'.-rcury  at  100"  C.  is  mixed  with,  or  placed  in,  a  pound  of  water 
'  .  t'ro,  the  temperature  of  the  mixture  will  only  be  3"  C,  so  that, 
;ile  the  mercury  has  lost  97°,  the  equal  mass  of  water  has  only 
■  r eased  3%  or,  in  simple  language,  a  quantity  of  water  absorbs 

lut  thiny-lwo  limes  as  much  heat  as  an  equal  weight  of  mercury, 

indergoing  the  same  exaltation  of  temperature.  The  specific 
.  .;-.it  of  water  being  taken  as  unity,  that  of  mercury  is  therefore 
003332.     Similarly,  the  specific  heal  of  platinum  is  o'03244. 

The  variation  in  the  temperature  of  a  wire  due  to  an  increment 
or  decrement  of  heat,  depends  also  upon  its  weight  or  its  sectional 
area,  for  it  will  be  evident  that  if  two  wires  of  similar  material  and 
of  equal  resistance,  but  of  different  gauge  or  different  weight— 
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\  such,  for  example,  as  a  given  length  of  platinum  wire  weighing^ 
one  gramme,  and  another  platinum  wire,  twice  as  long,  but  weigltr 
I    ing  four  grammes  (offering,  therefore,  equal  resistances)— haveth 
[    same  current  passed  through  them,  they  will  not  be  raised  lo  tM 
same  temperature,  although  the  amount  of  heat  actually  develope 
will  be  the  same  in  each  case.     This  follows  from  the  fact  that  ift| 
the  one  case  there  is  more  material  to  heat  than  in  the  other. 

When  a  current  of  electricity  passes  through  a  wire,  and  {wr-l 
forms  a  certain  amount  of  work  in  overcoming  its  resistance,  the  I 
equivalent  of  the  quantity  of  energy  absorbed  in  the  performance  ^ 
of  this  work  is  seen  in  the  development  of  a  definite  amount  of 
heat  which  is  imparted  to  the  wire.  The  heat  (h)  developed  i: 
unit  of  time  is,  in  fact,  directly  proportional  to  the  amount  of  power 
expended  in  overcoming  the  resistance  of  the  conductor— that  is  10 
say,  it  is  proportional  to  the  product  of  the  difference  of  potential,  e, 
lietween  its  extremities,  into  the  strength  of  the  current  c,  which 
is  maintained  through  it,  or  H  :  E  C.  If  the  resistance  of  the  wire 
remains  constant,  the  value  of  c  varies  directly  as  E  ;  by  doubling 
E,  c  is  also  doubled,  and  the  heat  developed  then  var'es  as  the 
square  of  E. 

Again,  the  heat  unit  is  defined  as  that  amount  of  heat  which  is 
required  to  raise  i  gramme  of  water  through  i°  C.  in  tem|}erature, 
and  a  potential  difference  of  i  volt  maintained  through  a  resist- 
ance of  I  ohm  develops  034  such  heal  units  per  second— that 
is  to  say,  the  number  of  heat  units,  h,  developed  in  /  seconds,  is 
H  =  0-24  X  E  c  /. 
As  E  =  C  R,  it  follows  that  e  c  =  c*  r,  so  that  the  foroiula 
may  also  be  expressed  by  saying  that 

H  =  0-24XC>R/.  J 

Collecting  all  these  facts  into  one  simple  formula,  where  i" 
represents  the  rise  in  temi>erature  in  Centigrade  degrees,  E  the  I 
potential  difference  in  volts,  c  the  current  strength  in  amperH, 
(  the  time  in  seconds,  A  the  specific  heat,  f  the  weight  of  the  mad 
in  grammes,  and  0-24  the  constant  which,  as  pointed  out  above,  is 
jcessarj-  to  obtain  a  result  on  the  Centigrade  scale,  we  may  saj 
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t  a  current  of  one  anipere,  flowing  for  one  second  through 
tBmme  of  water  {whose  specific  heat  is  i-o),  and  oflering  i 
k  resistance,  involving,  therefore,  a  potential  difference  of  i 
volt,  would,  if  allthe  energy  expended  were  devoted  to  the  genera- 
tion of  heat,  be  raised  o'24"  C.  in  temperature. 

Similarly,  if  the  same  current  were  maintained  through  a 
^il.ninum  wire  of  the  same  weight  and  resistance,  the  increase  of 
itinperature  would  be 

T==oJ4x5-£/-=o-24x  JJ*-L^'-  =  o24x !— 

gh  I  xo-03144  0-03244 

=  7  ■4°  C,  nearly. 

In  the  Cardew  voltmeter  a  length  of  very  fine  plalinum-silvur 
"ire  is  employed,  and  is  healed  by  the  passage  of  the  currents 
whose  E.M.7.  it  is  desired  to  tesi.  In  each  lest,  therefore,  g  and  h 
ttuin  the  same  values,  and  by  limiting  the  increase  of  temperature 
■oa  few  degrees,  the  very  slight  variation  of  e  becomes  a  negligible 
;L[,mtiiy.  Similarly,  by  employing  a  fine  wire,  it  speedily  rises  to 
Mi'h  a  temperature  that,  with  any  given  current,  the  loss  of  heat 
due  to  radiation  equals  in  amount  thai  which  is  developed  by  ihe 
cunent.  The  only  really  variable  quantities,  therefore,  are  v.  and 
c.  But,  as  already  pointed  out,  c  varies  uniformly  with  E,  and  W 
ihe  facilities  for  radiation  remain  the  same,  the  increase  of  tern 
]tcjture,  and  with  it  the  elongation,  will  always  be  the  same  for 
My  given  value  of  e.  Hence,  the  amount  of  elongation  can  be 
le  to  indicate  the  potential  difference  maintained  between  the 
mities  of  the  wire. 
Simple  as  the  principle  is,  the  construction  of  a  reliable  practical 
roment  is  a  matlerof  some  difficulty,  and  an  enormous  amount 
^experimental  work  has  been  performed  in  determining  the  exact 
Rttces  of  error  to  which  a  Cardew  voltmeter  is  liable.  Fig.  98 
rates  the  form  of  this  instrument  adopted  by  Messrs.  Goolden 
D  exhaustive  series  of  experiments  extending  over  a  number 
K  jeara,  and  in  it  the  inherent  sources  of  variation  and  error  are 
:ticeUy  eliminated.  The  outer  casing  is  removed  to  show  the 
aitial  parts  as  viewed  from  the  back. 

The  platinum-silver  wire  is  o'ooas  inch(s^  mils)  in  diameter, 
1  is  fixed  at  one  end  to  the  small  brass  block  m.    Thence  il 
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is  led  round  one  of  two  grooved  pulJeys  supported  by  a  ring  at  (he 
ends  of  two  metal  rods,  g  h,  which  are  about  36  inches  long,  and 
are  fixed  to  the  brass  Iiase-plate.  From  this  pulley  the  wire  returns, 
and  is  passed  round  a  small  pulley,  e ;  thence  it  is  led  to  the 
second  pulley  at  the  top  of  the  rods,  and  is  finally  terminated  at 
the  small  brass  block  n.  The  brass  pieces  m  and  n  are  supported 
by  the  insulating  block  of  varnished  vulcanised  fibre,  which  is 
securely  fastened  to  the  brass  base-plale,  and  m  and  w  are  con- 
nected each  to  one  of  the  main  terminals  of  the  instrument,  which 
are  insulated  by  el)onite  or  fibre  collars  from  the  brass  casing.  The 
wire  should  pass  round  the  pulleys  at  the  top  of  the  rods  in  such  a 
iionncr  that  a  pull  at  €  on  the  two  centre  wires  would  cause  both 
pullc)"*  to  rotate  in  the  same  direction,  and,  the  spindle  being 
pivoted  in  jewelled  holes,  the  friction  is  reduced  to  a  minimum. 

The  small  part,  c,  referred  to  as  a  pulley,  only  acts  as  such 
ilunng  the  wiring  of  the  instrument,  as  the  extension  of  the  wire 
iihcn  the  apparatus  is  subsequently  used  does  not  cause  it  to 
route.  It  is  made  of  vulcanised  fibre,  with  a  small  groove  round 
its  circumference  in  which  the  wire  lies,  and  is  fixed  by  a  small 
soew  passing  loosely  through  its  centre  to  one  end  of  the  thin 
brass  strip  t,  the  other  end  of  which  has  altaciied  to  it  a  fine 
platinum- silver  wire,  w,  connected  to  the  spiral  spring  s.  The 
tension  of  this  spring,  which  can  be  varied  by  means  of  the  ad- 
justing screw  A,  keeps  the  wires  taut,  and  when  the  main  terminals 
are  connected  to  points  in  a  circuit  at  different  potentials,  a  cur- 
rent passes — say  to  the  block  wj— up  the  wire,  and  round  the  first 
pulley  back  to  the  insulating  reel,  c ;  thence,  again,  to  the  top  of 
the  instrument,  round  the  second  pulley,  and  back  hy  way  of  n  to 
tbe  other  terminal.  This  current  heats  the  wire,  which  expands, 
and  the  slack  is  immediately  taken  up  by  the  spiral  spring  s,  so 
ll'ai  the  small  brass  strip  t  and  the  wire  w  are  moved  through  a 
distance  equal  to  the  expansion  of  two  lengths  of  the  heated  wire. 
The  amount  of  expansion  (and  therefore  of  the  potential  difference 
applied)  is  measured  by  observing  the  distance  through  whicli  the 
len^  of  wire  w  is  moved  ;  but  as  this  distance  is,  at  the  most, 
extremely  small,  some  mechanical  multiplying  arrangement  is 
leceasar)',  and,  since  the  force  producing  the  movement  is  also 
""eiy  feeble,  great  care  must  be  exercised  in  avoiding  the  introduc- 


and,  as  the  diameter  of  the  wheel  is  mti 
pinion,  the  pointer  is  turned  through  a. 
lively  small  extension  of  the  wire 

The  passing  of  the  wire  w  round  lh» 
able  grip,  and  at  the  same  time  avoid  fr 
ihe  fine  wire,  is  a  more  dithcult  matter 
appear,  and,  like  every  other  detail,  I 
before  the  method  now  employed  was  li 

The  pulley  is  shown  sejiarately  in  fiJ 
parallel  grooves  round  its  circumferena 
(where  it  is  filed  away  flat)  two  set-scre^J 
up  home.  The  wire  is  led  from  t  rouni 
screw-heads,  Iwtween  which  it  passes  oi 
in  which  it  completes  its  journey  round  t 
to  the  spiral  spring. 

The  wire  is  so  fine  that  it  would  not  1 
the  screw-heads,  but  the  arrangement  d 
comes  any  tendency  to  slip ;  and  as  the  ] 
n  small  angle,  never  making  a  complei 
friction  is  introduced.  Insigmlicant  as 
is,  as  already  indicated,  very  importar 
applies  to  the  shape  of  the  spiral  spring 
ivliich  it  is  composed.  The  gradual  alti 
found  to  be  the  main  cause  o£tb£.atiatlL 


Alihoitgh  there  are  four  straight  lengths  of  wire  equally  heated,  it 
will  be  remembered  thai  the  expansion  measured  is  only  equal  to 
that  of  two  lengths,  for,  since  c  docs  not  rotate,  its  movement 
would  be  the  same  if  one  of  the  wires  were  rigidly  fixed  to  it  and 
the  other  removed.  But  it  will  be  noticed  that  the  tension  due  lo 
the  spiral  s|)rjng  is  equally  distributed  hetwecn  the  two  wires  lead- 
ing from  f,  and  this  aflbrds  the  great  advantage  that  double  the 
tension  can  be  given  to  the  spring,  which  means  thai  the  force 
with  which  the  pulley  fi  is  turned  can  be  doubled,  and  any  slight 
cnor  due  to  friction  correspondingly  reduced,  without,  at  the  same 
time,  necessitating  the  adoption  of  a  comparatively  thick  wire. 
The  wheel  work  is  well  made,  but  it  is  of  course  impossible  to  alto- 
gether avoid  'back-lash'— that  is  losay,  as  the  teeth  of  the  driving- 
irhecl  do  not  fit  tight  between  the  teeth  of  the  pinion,  the  latter 
does  not  begin  to  move  absolutely  at  the  same  moment  that  the 
driving- wheel  does  when  its  motion  is  reversed.  To  avoid  the 
slight  error  which  this  might  cause,  a  hair-spring  is  fixed  to  the 
pinion  spindle.  This  spring  is  visible  in  fig.  98,  the  pinion  being 
immediately  behind  and  therefore  hidden  by  it.  It  is  adjusted  so 
a  to  maintain  sufficient  pressure  Ijeiween  the  teeth  of  the  wheel  and 
pinion  to  keep  them  always  in  contact,  so  that  in  either  direction 
ihe  t»-o  move  simultaneously. 

The  whole  of  the  casing  is  of  brass,  wood,  from  its  liability  to 
..irii,  being  wholly  unsuitable  ;  but  it  is  clear  that  the  rods  (^  i, 
J  fjS)  cannot  he  made  of  that  metal,  as,  its  coefficient  of  expan- 
111  being  higher  than  that  of  platinum  silver,  it  would  expand 
tc  than  the  wire  with  any  rise  of  temperature,  atmospheric  or 
, cruise,  and  cause  a  deflection  of  the  pointer.     On  account  of 

■  ■.t-  expense,  platinum -silver  cannot  be  employed  for  this  purpose. 
I  !'.m  has,  however,  a  lower  coefficient  of  expansion  than  the  wire, 
.:T!d  the  rods  are  therefore  made  partly  of  iron  and  partly  of  brass, 

■  L' length  of  these  jjarts  being  so  proportioned  that  the  greater 
vnansion  or  contraction  of  the  brass  shall  be  neutralised  by  the 
■cr  expansion  or  contraction  of  the  iron,  and  t!ie  whole  rod  vary 
:  length  in  exactly  the  same  proportion  as  the  wire  itself.     The 

>■  rts  are  encaseii  throughout  their  length  by  a  brass  tube  which 
'  n  easily  be  removed,   and  the  arrangement  of   the  pulleys, 

■  '.tiher  with  an  opening  in  the  supporting  ring  to  which  they 
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are  attached,  Tacilitates  llie  re-wiring  of  the  instrumeni.  1 
order  to  prevent  damage  to  the  working  wire  by  the  accident 
passnge  of  a  too  powerful  current,  a  safety  fuse  is  inserted  in  sen 
wilh  it,  consisting  of  a  short  length  of  ptatinum-silvier  wii 
o'ooi4  inch  {\\  mils)  in  diameter,  which  fuses  and  breaks  the  d 
cuit  before  the  current  attains  sufficient  strength  to  fuse  the  thick 
working  wire.  This  fuse-wire  is  placed  in  a  slit  along  the  & 
of  a  rectangular  strip  of  vulcanised  fibre,  each  end  beiag  t< 
minaled  at  a  round-headed  brass  screw  in  the  end  of  the  blod 
which  is  linuly  held  between  two  flat  springs  making  contact  vi 
the  screw-heads,  one  spring  being  connected  to  m  and  the  oth 
to  the  left-hand  terminal.  Several  such  fuse-wire  blocks  can  1 
kept  at  hand,  and  the  replacing  of  a  fuse  is  then  but  the  work. 
a  moment.  Connection  between  »  and  the  other  terminal  ismn 
by  a  stout,  stiff  wire. 

This  type  of  instrument,  in  which  the  wires  are  supported  I 
the  two  compound  rods,  and  in  which  ihe  tube  slipped  over  the 
simply  acts  as  a  casing  to  protect  the  wires  from  air  cunenis  ai 
damage,  is  designed  for  use  with  the  tube  in  a  vertical  positio 
the  end  at  which  the  pulleys  are  fixed  being  placed  uppcrma 
Now,  as  soon  as  the  wire  gets  hot,  it  heats  the  adjacent  air,  wlud 
being  displaced  by  colder  air,  rises,  and  consequently  currents  ai 
set  circulating  in  the  tube.  The  result  is  that  when  the  pointer' 
deflected  a  slight  oscillation  may  be  observed,  sufficient  to 
the  value  of  the  potential  difference  being  read  with  certainQr 
within  half  a  volt.  This  oscillation  can  be  entirely  eliminated  I 
simply  placing  the  tube  in  a  horizontal  position,  for  the  whc 
length  of  the  wire  then  lies  in  a  more  evenly  heated  atmospho 
in  which  such  air  currents  as  rise  from  it  are  feebler  and  m« 
uniform  in  their  distribution  in  relatton  to  the  wire. 

A  more  accurate,  though  more  expensive,  instrument  is  ma 
by  dispensing  with  the  rods  and  fixing  the  jewelled  pulley  beaiinj 
in  the  end  of  the  lube  itself,  which,  of  course,  is  then  compoundel 
being  made  of  brass  and  iron  in  the  necessary  proportions.  Sac 
instruments  are  pre-eminently  adapted  for  experimental  work,  0 
account  of  their  extreme  accuracy,  and   are,  of  course,  al«g 

iployed  in  the  horizontal  position.    The  rod  pattern  (which 
be  used  horizontally)  is,  however,  a  first-rate  piece  of 
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Hff  the  engine-room  or  workshop,  where  a  possil 
'  a  volt  in  the  reading  is  a  matter  of  little  nioineati 
e  advantage  that  the  working  wire  can  be  nioM 
d  than  in  the  tube  form.  The  voilmeter 
led  is  capable  of  measuring  from  30  to 
ilts.  The  calibration  is  carefully  |>er- 
,  the  wire  being  continii.iliy  heated  by 
loge  of  a  current,  and  stretched,  for  some 
reviously,  to  bring  it  to  its  normal  con- 
As  it  is  the  healing  of  the  wire  which 

a  measure  of  the  electro- motive  force, 
an'ng-error '  peculiar  to  most  voltmeters 
entirelf  absent,  and  the  instrument  may 
.  in  fact  is,  kept  continually  connected  up 
■s  3i»d  weeks  together.  For  the  same 
the  reading  is  unaffected  by  the  presence 
rna]  currents  or  any  electro-magnetic 
id,  as  iron  is  not  employed  and  the  wire 
oiied,  its  self-induction  is  pratlically  nU. 

aheraating  potential  difTercnces  can  be 
xl ;  but  it  must  be  remembered  that  this 
Mcnce  of  self  induction  in  Ihe  instrument, 
ii^  a  rarrent  to  rise  suddenly  to  its  full 
imhs  the  m^  through  which  the  fuse 
tect  the  woctiog  vtrc ;  for,  although  tlie 
■  «idi  cenaintf  if  )^  aurent  rises  at  all  ^- 

7,  ■  VC17  ndden  application  of  a  veiy    ^  .^fl         * 
LV.  would  dnek)|>  a  bary  cum 
oadjr,  fate  and  «tre  being  inched 
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heated, 
«irh  the  spring.  The  spindle 
paaes  is  geared  on  \a  the  axle  carninL; 
the  indicating  needle  which 
tnvels  over  the  lace  of  ihe 
dial ;  so  that  the  elongation 
due  to  the  varying  tempera- 
tore  brooght  about  by  ihe 
different  e-M-F.'s  can  be 
readily  indicated. 

A   fine   pbltniim -silver 
wire  fuse  is  introduced  be- 
tween the  brass  strips  on 
the  left  of  the  figure.    The 
long  tube  which  carries  the 
n  two  parts,  one 
L  ijrass  and  the  other  of  iroq 
1  allow  it  to  expand 
I  equally  with  the  wire  uodef 
atmospheric  changes. 
The     instruments 
usually  made  to  register  op 
lo  1 20  volts,  but  the 
of  the   readings  can  veiy 
easily  be  increased  by  insening  in  the  circuit,  in  series,  resistance 
coils  of  various  multiplying  powers.     Thus,  if  a  coil  equal  in  ^^ 
sistancc  to  the  wire  in  the  voltmeter  were  introduced,  it  wouffi 
c-xactly  halve  the  potential  difference  of  the  current  at  the  terminsW 
of  the  voltmeter  due  to  any  particular  e.m.f.     Manifestly,  such, 
coil  would  have  a  multiplying  power  of  two,  while  a  coil  of  thrt 
times  the  resistance   would  reduce  the  proportion  of  polentil 
difference  absorbed  by  the  voltmeter  to  one-fourth,  and  iherefoi 
^)Uq  a  multiplying  power  of  four.    These  resbtance  coils,  hoi 
iinud  not  be  of  the  ordinary  type     The  wire  should  be  ( 
ni-silvcr,  of  the  same  gauge  as  in  the  voltmeter,  and  i 
a  produce  cxnctly  equal  facilities  for  radiation  it  should  I 
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bare,  and,  for  convenience,  it  may  be  stretched  over  a  kind  of 
rectangular  framework  made  by  attaching  two  rods  of  slate  to  a 
couple  of  strips  of  wood,  notches  being  made  in  the  slale  to  receive 
the  wire  and  prevent  one  portion  slipping  into  contact  with  another. 
The  wire  and  framework  are  enclosed  by  pieces  of  thin  sheet  iron. 
The  ordinary  Cardew  voltmeter,  although  the  best  and  most 
useful  instrument  for  the  measurement  of  high  voltages,  is  not 
available  for  the  estimation  of  low  potential  difTerences,  owing  to 
the  exceedingly  small  elongation  due  to  the  slight  rise  in  tempera- 
ture^ and  the  consequent  vagueness  of  the  reading  which  would 
result  tberefrom. 

Recognising  the  necessity  for  the  production  of  an  instru- 
ment capable  of  measuring  low  e.m.f.'s— more  particularly  for 
lesting     the     voltage 

of   secondary  cells—  , ^ — '■ ^^ 

Major  Cardew  has  just 
designed  one,  the 
Horlting  parts  being 
^liown  in  fig.  102. 
Tlic  range  is  from  o'5 
to  1-5  volts,  the  scale, 
as  shown  in  fig.  103, 
i»einK  divided  into 
tenths  of  a  volL 

Two  pieces  of 
pbiinum- silver  wire,  C 
and  D  (fig.  102),  are 
Vcpt  taut  by  means  of 
ihe  upright  bows,  a  u. 
"The  indicating  needle 
t  is  supported  ai 
fccid  in  position  by  two 

hiiniontal  pieces  of  wire  and  a  couple  of  spiral  springs.  The 
'""erends  of  the  wires  c  D  are  connected  to  terminals  on  the  case 
'-  ihe  instrument,  so  that  when  a  current  passes  through  the 
■  iniraent  it  travels  up  one  wire  and  across,  by  way  of  the  thicker 
-n  of  the  needle,  to  the  other  wire.  This  current  raises  the 
nperature  of  the  wires  c  and  d,  which,  by  their  consequent  ex- 
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tension,  allow  the  upper  ends  of  the  bows  to  approach  each  oth< 
This  motion  is  transmitted  by  means  of  the  stiff  horizontal  wi 
to  the  needle,  which  therefore  travels  over  the  scale  from  right 
left.     In  the  figures  the  needle  is  shown  over  the  centre  of  i 

scale  as  if  deflected 
the  apphcalion  of 
E.M.F.  of  1-33  vola, 
It  will  be  obwoa 
that  there  is  absoluie^ 
no  frictioH  - 
important  feaiur^ 
which,  as  a 
fact,  renders  the  in- 
strument a  possibility. 
It  is  also  an  inexpen- 
sivepieceofapparaiui 
Professors  Ayrton 
and  Perry  havei 
duced  another,  but 
somewhat  n 
plicated,  modilicatiaa 
of  the  Cardew  tcII- 
meler,  which  is  capa- 
ble of  accurately  measuring  low  potential  difl^erences,  and  indi- 
cating small  fractions  of  a  volt.  The  principle  upon  which  itii) 
apparatus  is  constructed  will  be  easily  understood  by  a  referaict 
to  the  diagram,  fig,  104.  w  w  is  a  short  piece  of  platimiin- 
silver  wire,  o'ooi4  inch  in  diameter.  The  ends  of  this 
held  rigidly  by  the  terminal  screws  a  and  b.  The  centre  H 
the  wire  rests  in  a  stirrup  supported  by  the  magnifying  spring  t, 
which  is  similar  to  that  illustrated  in  fig.  61.  The  upper  en" 
of  the  spring  carries  a  pointer  p,  and  is  kept  in  position  b 
a  piece  of  fine  wire,  c  n,  fixed,  at  its  upper  extremity,  lo  ih 
supports.  On  a  comparatively  feeble  current— that  is  tosajil^^ 
current  caused  by  a  small  difference  of  potential— passing  throng 
the  wire  w,  it  is  elongated  and  the  sag  is  increased.  The  lew' 
£n  the  spring  is  thereby  reduced,  and,  the  lower  end  being  fii 
upper  end  revolves  and  carries  the  pointer  with  it     The  p ' 
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loves  over  a  dial,  and  indicates  direcdy  die  amount  of  coiling  to 
fhich  the  spring  is  subjected  by  the  sag  on  the  wire.    So  sensitive 
s  this  arrangement  that  when  the  initial  sag  on  the  wire  is  com- 
laiatively  small — that  is  to  say,  when  the  wire  is  stretched  almost 
B  a  straight  hne  between  the  terminals— sufficient  change  in  the 
Kig  results  from  the  application  of  a  potential  difference  of  eight 
or  ten  volts  at  the  extremities  of  a  wire  eight  inches  long,  to  pro- 
duct, when  magnified  by  the  spring,  a  complete  rotation  of  the 
pointer. 

If,  in  a  voltmeter  of  this  kind,  the  wire  is  further  shortened, 

the  instrument  will   indicate  a  still   lower   potential   difference, 
because  the  shortening  decreases  the  resistance,  and  so  augments 
tire  current  resulting  from  a  given  potential  difference,  and  also 
Itause,  the  mass  of  the  wire  being  reduced,  its  temperature  rises 
Kgher  with  a  given  quantity  of  heat.     But  the  wire  cannot  be 
ahonened  indefinitely,  as  it  is  so  fine  that  the  temperature  beyond 
*hich  it  is  unsafe  to  work  is  quickly  reached.     It  is,  however, 
possible  to  obtain  the  first -mentioned  effect  without  the  second. 
For  instance,  in  the  case  of  what  may  be  called  the  bicycle-wheel 
fcnn  of  instrument  (fig.  105),  the  whole  of  the  wires  can  be  joined 
fcseties,  or  grouped  variously  in  parallel.     In  the  latter  case,  the 
tsislance  being  much  decreased,  the  stronger  current  develops  a 
greater  amount  of  heal  in  the  spokes,  thus  affording  a  means 
iiy  which  an  instrument  may  be  used  for  much  lower  potential 
'''iTerenccs  than  it  can  be  with  the  spokes  in  series.     The  mass     ^^ 
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of  metal  affected  by  the  heat  is,  however,  the  same  in  i 

The  design  of  this  form  of  the  instrument  is  ingenious.  1 
a  ring  of  metal  a  number  of  non-conducting  siuds,  a 
lixcd.     There  is  also  a  small  non-conducting  central  piec^fl 
Frr,  lot  which  a  magnifying  s] 

^tttached,  at  right  ai 
plane  of  the  ring.  One  I 
of  the  wire  is  attached  U 
stud  E,  and  passes  to  « 
I  Ijoiween  the  hub  ot  crt 
;e  p  and  the  various  •!- 
the  other  end  being  fi^'' 
7  the  stud  f.  This  d 
'  the  advantage  that  e 
tion  of  the  wi 
the  current,  so  that  ll 
need  to  introduce  i 
coils  into  the  extcr 
to  indicate  the  higher  voltages,  all  that  is  r 
already  indicated,  to  join  the  '  spokes '  iii  series. 

Fig.  io6  is  a  general  view  of  one  of  these  hotwir* 
constructed  to  measure  the  alternating  potential  t 
terminals  of  a  coil  used  in  electrical  welding,  whi 
1  and  2  volts.     The  scale  is  6  inches  in  diamet 
hundredths  of  a  volt. 

In  the  original  instruments,  the  principleof  n 
in  fig.  1 04,  the  pull  of  the  magnifying  spring  m  w 
by  the  pull  of  the  platinum-silver  wire  w  w  att 
rainal  blocks ;  but  in  the  recent  form,  of  which  fl 
zontal  section,  both  these  pulls  act,  in  order  to  e 
in  the  same  direction,  and  are  counterbalanced  by  the  ^ 
Hence,  as  the  wire  stretches,  the  magnifying  spring  ii  bl 
and  the  pointer  p  (provided  with  a  number  of  fine  hairs'^ 
ing  without  any  great  inertia)  rotates  in  front  of  the  d 
flat  spring  s  has  therefore  the  efiect  of  reducing  the  dim 
the  instrument,  and  it  also  allows  of  the  adoption  c 
arrangement  for  a  fuse,  to  protect  the  wire  from  1 


arrenL  In  the  ordinary  Cardew  voltmeter,  with  a.  wire  two  yards 
ilei^h,  the  introduction  of  a  short  fuse  which  will  melt  with  a 
mrcntjust  too  small  to  damage  the  instrument  does  not  seriously 
iicrease  the  resistance  or  diminish  the  sensibility  ^  but  in  this 


xiili cation,  which  si 
imioduclion  of  such  a  fuse  would  cr>iisi,kTalily  liicMnj-.!!  iIiij  --L^iisi- 
aXay,  and  it  is  practically  impossible  to  diminish  the  lungih  of  ihc 
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I  fiisc  in  proportion  to  the  length  of  the  working  wire,  in  consequence 
I  of  the  fact  that  the  melallic  blocks  to  which  the  fuse-wire  would 
}  liave  to  be  attached  would  conduct  the  heat  away  so  rapidly  as  to 

prevent  an  extremely  short  piece  of  wire  from  meliing.  To  over- 
irae  this  difficulty  a  fuse,  f,  is  employed,  of  such  a  diameter  that 
would  require  a  far  larger  current  to  melt  it  than  would  suffice 

to  dam^e  the  instrument.  A  small  platinum -tipped  scrw, 
>  electrically  connected  with  the  wire  l,  passes  through  a  a 
I  insulating  block,  so  that  when  the  wire  w  w  stretches  by  any| 
[■  arranged  percentage  beyond  the  amount  it  stretches  for  the  m; 
I  mum  safe  potential  difference,  the  platinum  contact  c  on  ihc 


i ^>.s. 


spring  s  makes  contact  with  the  screw  d,  and  the  working  wittSj 
consequently  short-circuited.      The   circuit   is  then  tempo 
completed  through  (he  screw  D,  a  portion  of  the  wire  i,  and  d 
fuse  F,  when  Che  current  proportionally  increases  and  the  fott^ 
melted  without  any  risk  of  damage  to  the  instrument. 
that  by  this  arrangement  a  thick  fuse-wire  can  be  employed,(il 
ing  but  a  small  resistance  comiiared  with  that  of  the  workingii 
while  the  sudden  application  of  a  potential  difference  five  of  A 
times  as  great  as  the  maximum  potential  difference  the  volinielf 
is  intended  to  measure,  melts  the  fuse  readily.   The  fuse  f, 

K""''  terminals  v  v  are  shown,  for  simplicity  s.-ike,  detached  fnfl 
instrument,  their  actual  iwsition  being,  of  course,  < 


*_. 


vie  come  noir  z"}  i  riciiiicriz^in   if  zi^  '=..zzlz£  :.i    •■-. 

d  ammeters,  50  'irjiz  zz^tj  rnji  :•=  tzzzuz^r-i  i=  -i.nr:.--  ^- 

kn  ammeter  ntinrrs   Irt-i'i^  iif±   fr'iirjiri    :r    :::-    -jt-zt 

Dg  through  :3  ciiLs.  iz.o  "  =  r.irrtfir  ,:=  zr.yirz...'. ■.    :'  - 

-ence  of  poz&r^LiL  2Z  zz-t  ztz /.  j    :c  r-^-t   =j=::-i -. -j:-      ' 

t,  therefore,  a:  £rn  s:^:  ^''=:^  ^^^-^  -'"'  i-niiinr.-'-      »  :     - 

to  measure  the  lottr^iiil  ijirriij::   i^ztt— ji  :r-  -v.  -       r 
mply  joining  it  up  to  thttz.  :  :szr-_-^  -.1  =rri:'^-i  ;:    ti     . 
flowing,  and  frcm  ihi:  :zi±rrzs  zi^t   Lfrr-.'   z    ■         -. :    ._ 
I  maintains  it.     B-t  tie  T-.rr  i:t  ::  :  :-Lie  -r.:  rr     -.  .  .:       : 
nit  by  the  low  resiit^r.ic  1 — c:tr  t:-_  i  i-'irv^r  :  .^    .  -    : 
»  potential  differer-ce  cir-iilznl  7.  .rr-^^t  l.-    .-  — _— :t 
lire  the  potential  dinerence  i'-=-:r:ei  :»iTTir:i  i^    -v  . 
y  portion  of  a  circuit  fs  :i5-j-il!y  2.zz.'.ri  Lf  1  :--_--. 
onsequently,  although  the  zzzzztz-z  ^:  :  iri  v : :  :  - :  -r  - 
ite  the  potential  difference  bciTartt-  ::  -  rv :  ;•:  _-:      -. .  - 
so  joined,  it  would  give  no  irj-.rnu:::-  i^  : :  zr.z  j  .   -  . 
e.      For  instance,  if  a  piece  cf  G .rri-ir. -->=.-  -..  -r 
istance  of  5  ohms,  forms  pir,  cf  1  .z.i.z  :'::._:-   v     .- 
nt  of  4  amperes  is  flowing,  we  kr. :■=■  ir-i:  v.t   ir-.'.-    -. 
itial  between  its  terminals  is  4X  5  =  re  -. :!:-   :  z:t  1  =  .  :•- 
I   we   proceed   to   measure   thc-e  v:l>.    -.;.    ::r_r.r.:  r.j    i-i 
eter  having  a  fraction  of  an  ohm  re-i-iiir.:-:-  ::  'J-.t  t- ir  ::'  titfS 
we  shall  get  much  less  than  20  v:-!:?.  :":7  :'r.r  rr=.:-i- :t.  I'^i 
fore  the  fall  of  ix)tential,  in  that  ijzn\',7.  ::"  :he  .  r.-.t  -^  ~A 
been  considerably  lowered.   Ahhoj^h  thv  :::^1  ...rrer.:  ir.  '-TjC 

circuit  will  be  increased  by  this  lowerr.j  :f  :hr  tCrtil  i^ 

the  ammeter  resistance  is  so  low  that  ::  -r.jnts  the 
3f  the  current  from  the  German-silver  wire ;  and  sa 
in  consequence,  only  half  an  ampere  flows  through  f 
lOtential  diflerence  at  its  ends  will  becxR  =  -5X5» 

instead  of  20, 
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In  order  that  the  intioduction  of  the  instrument  shouM  nutl  , 
absolutely  no  alteration,  no  current  at  all  should  flow  ihroagh  il 
and  although  there  ate  instruments  which  satisfy  this  cooditili 
the  majority  are  only  suitable  for  use  in  the  laboratory.  If,  b 
ever,  we  take  any  ordinary  ammeter  and  wind  it  with  a  laige  m 
ber  of  turns  of  fine  wire,  so  that  it  has  a  very  high  rcsistanci 
can  be  used  as  a  voltmeter  ;  for  its  resistance  will  be  toogx 
and  the  current  which  passes  through  ituill  be  too  sm.tll,  torn 
any  sensible  alteration  in  the  potential  diflerencc  which  it 
■  measuring  ;  while,  on  the  other  hand,  the  large  number  of  tuiw 
wire  will  allow  the  feeble  current  so  flowing  to  produce  asu"  ' 
strong  magnetic  field  to  actuate  the  movable  part  of  the  »| 
For  instance,  one  of  the  ammeters,  described  in  Chapter  I 
when  wound  with  fine  wire  to  a  resistance  of  about  1,000  m 
will  serve  to  measure  potential  differences  of  from  60  to  no  « 
Of  course,  it  can  and  must  be  '  calibrated '  for  reading  in  « 
in  the  same  way  thai  the  ammeter  was  calibrated  for  reaiH 
amperes. 

One  important  source  of  error  must,  however,  be  guo 
against ;  it  is  due  to  the  fact  that  a  cunent,  in  passing  throu^ 
coils  of  a  voltmeter,  heats  the  wire  and  increases  its  resistance' 
consequently  a  given  difference  of  potential  will  send  a  w 
current  tiirough  the  coils  after  Ihey  are  heated  than  before,  t 
instrument  will  therefore  indicate  a  lower  difference  of  poteii 
than  that  which  actually  exists,  in  consequence  of  the  fact  thit 
measures  the  potential  difference  by  the  strength  ofthecunO*! 
Up  by  that  diflerence.  For  this  reason  great  care  must  be« 
cised  to  prevent  the  coils  of  a  voltmeter  being  heated  »  l 
appreciable  extent  by  the  current,  and  in  order  to  secure  this  CO 
dition  a  key  should  always  be  supplied  with  such  an  instmmf 
The  reading  can  then  be  taken  immediately  the  circuit  thnu 
the  coils  is  completed  by  the  depression  of  the  key,  and  bei 
the  resistance  rises.  In  the  case  of  an  ammeter  the  resistaiW 
the  coils  is  so  very  low  that  but  little  heat  is  generated  theW 
and,  the  size  of  the  wire  being  comparatively  great,  the  tempi 
ture,  and  therefore  the  resistance,  varies  but  slightly.  Further, 
,  an  i"nmeter  is  not  used  as  a  shunt,  but  is  placed  directly  in 
||ritfK&  >t  is  virtually  free  from  this  'healitig  error,'  because, U 
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>U  circumstances,  the  strength  of  the  current  flowing  lhrouj;h  it 

1  measured  by  it  is  the  same  as  that  in  the  rest  of  the  circuit. 

The    Shuckert,    the    Steelyard,    and    the   Ecccntric-iron-disc 

ammeters,  and  many  others  of  a  similar  character  which  we  have 

n«  described,  can  be  converted  into  voltmeters  by  the  simple 

substitution  of  a  long-wire  coil  of  high  resistance  for  the  short- wire 

fiiil  of  low  resistance,  and  this,  apart  from  the  calibration,  being 

"nly  essential  dificrence  between  these  types  of  instruments, 

re  is  no  need  to  further  enlarge  upon  them.     An  exception 

.  [lerhaps  be  made  in  the  case  of  Evcr.shed's  Gravity  voltmeter, 

■iieral  view  of  which  is  given  in  fig.  108,     Its  moving  parts  are 

"  lly  similar  to  those  of  the  Gravity  i,,^_.  ^^^ 

iiifter  shown    in    fig.  67,  but,  of 

:;r-.e,  thin  wire,  ofTering  high  resist- 

■  '.  is  employtd.     Only  a  porlion 

his  wire  forms  the  actual  magnet- 

j  coil,  this  being  of  copper,  while  J 

remainder,  which  is  of  German  I 

r,  is  wound  round  a  lat^e  metallic  1 

filer   inside  the   casing.      In 

:  ument  indicating  up  to  1 10  volts 

I  iitai  resistance  would  be  ralhcr 

-  2,QQo  ohms,  that  of  the  actual 

j-ietisingcoil  l)eing  about  j 00  ohms,  so  that,  with  the  maximum 

.  niial  diflerence,  the  [wwer  absorbed  is  only  6  watts ;  and,  as 

temperature  coefficient   of  German   silver  is   low,   as  also 

i.lisposition  of  the  wire  gives  fairly  good  facilities  for  radiation, 

itmperalure  does   not  rise  appreciably.      Consequently,  the 

mment  may  be  left  continually  on  the  circuit  without  causing 

trror  worth  noticing  under  ordinary  working  conditions. 

For  ca^es  where  it  is  imperative  that  the  indications  should  be 

'itL'ly  free  from  heating  error,  Mr.  Evershed  has  suggested  a  very 

;i.niou3  method  of  compensating  which  may  be  applied  to  this 

ui  iny  similar  voltmeter.     It  is  based  upon  the  observed  fact  that 

the  temperature  coefficients  of  metals  are  difTerent — that  is  to  say, 

Siiven  rise  of  temperature  causes  a  greater  increase  per  cent,  in 

'■'■  ■:  resistance  of  some  metals  than  of  others,  the  difl"erence  in  certain 

-i,  such  as  copper  and  German  silver,  being  considerable.  The 
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magnelising  coD  proper  consists  of  German -silx-ex  wire,  and  a 
higher  resistance  coil  of  copper  wire  is  wound  round  it  in  ihe 
reverse  direction,  as  indicated  in  fig.  J09,  the  two  being  connected 
in  parallel,  so  that  the  copper  coil  not  only  forms  a  shunt  to.  but 
opposes  the  magnetic  effect  of  the  other  coil,  the  resultant  force 
acting  on  the  needle  being  due  lo  the  excess  of  the  magnetic effczt 
oi  the  German  silver  over  that  of  the  copper  coil.  Thewireofihe 
latter  is  made  very  thin,  to  enable  the  necessary  resistance  to  be 
obtained  while  keeping  the  amptre  turns  sufSciendy  low,  the  . 
number  of  ampere-turns  in  the  German-silver  coil  being  se™-* 
times  greater  than  in  the  copper.     WTien  the  current  01  ai 


spiieric  changes  cause  a  rise  in  temperature,  and  therelore  also 
resistance,  tiie  current  iji  the  German-silver  coil  decreases  slight 
but  that  in  the  copper  coil  decreases  in  a  much  fester  rat 
l>ecause  the  temperature  coefficient  of  copper  is  so  much 
and  if  the  resistances  and  diameters  of  the  two  wires  are 
such  that  the  current  in  the  copper  coil  decreases  just  lost 
to  keep  the  difference  between  the  magnetic  effects  of  the 
coils  constant,  the  instrument  will  compensate  itself  for  any  rai 
lion  in  temperature.  Unfortunately,  the  calculations  required^ 
somewhat  difficult,  and  the  copper  wire  must  be  extremely  tli 
so  that  this  extremely  ingenious  method  has  not  yei  made  mt 
headway. 

In  the  recent  development  of  electric  lighting  the  tendcnc; 
towards  the  use  of  very  great  differences  of  potential,  much ; 
than  any  we  have  hitherto  dealt  with.     In  one  case,  for  ins 
proposed  to  work  at  a  potential  difference  of  10,000 
'his  potential  difference  is  alternating,  thus  excluding  at 
number  of  measuring  instruments  ;  and  it  will  readtlf 
Ived   that   those   which   we  have  described  as  capaWft 
ing  alternating  potential  differences  could  not  well 


it  is  prop 
^^^Jhispotei 
^^^^^HK  nun 
^^^^^^Bived 


Electrostatic  Voltmeter 


iodified  so  as  to  measure  up  lo  10,000  volts,  A  voUmeler  has 
leen  iniroduced  by  Sir  William  Thomson,  based  upon  the  well - 
■nown  elementary  fact  that  two  adjacent  bodies  at  different  polen- 
ials  mutually  attract  each  other.  We  have  seen  ihat  a  simple 
ray  of  establishing  this  diflerence  of  potential  is  10  rub  two  dis- 
similar  substances,  such  as  a  piece  of  flannel  and  a  piece  of  sealing- 
fax,  together  ;  they  will  then  mutually  attract  each  other,  and 
the  force  of  this  attraction  might  serve  to  estimate  the  potential 
ditfi'rence  between  thcra.  But  there  is  a  difference  of  potential 
between  the  two  poles  of  a  battery ;  if  these  two  poles  are  con- 
Kvcicd  one  10  each  of  two  insulated  metal  conductors  (say  brass 
Inheres),  (he  spheres  will  be  at  different  potentials  and  will  attract 
Sich  other  ;  the  force  of  attraction  is,  however,  too  feeble  lo  cause 
tiy  perceptible  movement,  unless  very  delicate  refinements,  un- 
taiiablc  for  workshop  use,  are  resorted  to.  But  for  this  latter 
Id,  such  a  method  of  measuring  potential  difference  would  be 
"erfect  in  one  respect,  for,  as  the  two  conductors  are  insulated,  no 
wrent  whatever  would  flow  from  the  battery,  and  we  might  there- 
ore  measure  the  potential  difference  without  altering  it  during 
he  act  of  measurement.  The  use  of  this  'electrostatic'  method, 
lowever,  becomes  practicable  in  (he  case  of  several  hundred 
Mts,  and  fig.  no  shows  Sir  William  Thomson's  voltmeter,  which 
"  "-ja^ed  Ufwn  it, 

1  ine  conductor  is  fixed  and  the  other  movable  ;  the  fixed  one 

•  i^ts  of  two  butterfly -shaped  sheets  of  brass,  parallel  lo  each 

.:iii.r,  and  metallically  connected,  but  carefully  insulated  from  the 

i<si  of  the  instrument.     The  movable  conductor  is  a  ihin  alu- 

ninium  strip,  supported  at  its  centre  on  a  knife-edge,  and  moving 

ftn,'ly  In  a  vertical  plane  exactly  midway  between  the  two  fixed 

'  . -s  lilaies.     When  at  rest  the  movable  plate  or  strip  is  kept  in  a 

';i;:il  position  by  very  small  weights  placed  on  a  knife-edge  at 

luwer  extremity.      If  a  difference  of  potential  is  established 

'■flween  the  fixed  plates  and  the  movable  strip,  mutual  attraction 

Kjults,  and  the  aluminium  tends  to  set  itself  in  a  position,  as  far 

IS  possible,  inside  the  fixed  plates,  this  tendency  being  counter- 

cted  by  the  weights  which  it  carries.    The  force  of  attraction  is 

ifoportional  lo  the  square  of  the  potential  difference;  the  movable 

Onducior,  of  course,  comes  lo  rest  when  the  forces  due  ^o  l\vQ 
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clectrosutic  attraction  and  to  gravity  balance,  and  this  p< 
rc'st  is  indicated  by  a  light  pointer  moving  over  a  gradual 
This  scale  has  60  divisions,  which  represent  equal  diffei 
potential,  and  a  large  range  is  obtained  by  varying  the  1 
weights.    When  a  weight  of  325  milligrammes  is  used,  th 


moves  ihroiigii  one  divisiuii  lor  a  iiutcniini  diilerence  of 
with  130  milligrammes  one  division  corresponds  to  100  \ 
with  520  milligrammes  to  200  volts.  But  with  10,000 
upwards  there  is  danger  of  sparking  between  the  plate 
particular  instrument  j  it  is,  however,  possible  to  increase 
:  between  them,  and  then  to  measure  much  highe 
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CH  AFTER  VII. 

E  1,K  CTK  O-  M  AC  N  KTS  —  EL  F.CT  RO  -  M  AG  N  t" 

It  has  been  observed  that  the  air  space  in  the  neighbom 
a  wire,  in  which  the  effect  of  a  current  travelling  in  thi 
perceprible,  is  called  an  electro -magnetic  field,  and  that  tl 
tion  in  which  the  force  in  this  field  acts  can  be  made  ei 
means  of  iron  filings,  which,  if  sprinkled  upon  a  sheet  i 
with  the  wire  passing  through  it,  arrange  themselves  in  co 
circles  along  the  lines  of  force  round  the  wire.  And  fi 
will  be  remembered  that  some  substances  offer  greater 
than  others  for  the  propagation  of  these  lines  of  force,  am 
is  possible  to  alter  their  circular  form  by  bringing  near  th< 
substance  through  which  they  pass  with  either  more  or  1 
than  through  the  air.  The  relative  ca|.iability  possessed  by 
stance  for  conducting  these  lines  of  force  is  known  as  its 
ability,'  and  it  is  obviously  desirable  that  some  method  of  c 
comparing  this  property  in  various  bodies  should  beadopti 
permeability  of  air '  can  be  taken  as  the  standard,  and 
meability  of  all  other  substances  measured  by  comparison 
If  a  piece  of  hard  steel  is  placed  in  any  magnetic  ficl 
of  (he  adjacent  lines  of  force  are  bent  out  of  their  i}revioi 
and  converge  into  the  steel.  More  lines  of  force,  theref 
through  the  space  occupied  by  the  sieel  than  passed  thro 
same  space  when  occupied  by  air  alone.  Hence  we  < 
that  the  lines  of  force  pass  through  steel  more  readily  than 
air,  or  the  permeability  of  steel  is  greater  than  that  of 
again,  the  steel  is  replaced  by  a  piece  of  soft  iron  of  simil 
and  size,  even  more  lines  of  force  will  now  pass  through  I 


X,  sfaowBg  do*  the  1 
1  that  of  sted.     b  fan,  Ae  3 
ht  ben 

[tfanM^  it,br  AcH 
n  tbes  " 
Ibeu^thes 
Sable  ford 

b^  any  poiticnbr  Sfatx  or  9 
ucJi  J     '    " 

ii^electio-inagnrtic  6eIil<M-cf  ^n-^es  7 
pij^it  be  sapfxsed,  the  Kren^  <^  at  n 
'mimber  of  Imes  of  force  poiatfa^  k.     ■) 
CI  with  practical  difficnkia,  (at,  c«x^  x 
ta,  even   this  is  not  asccnainaUe  ana^t,  ^^  t^i    zm-j    -jt 
bced  from  other  eflects. 

It  is,  however,  possihlc  to  1  !■■[»»■■  ilae  ifiriit'-"i  ^  i^js  i« 
ksnring  the  magnitude  of  laiiuiK  fb^x^oait  ■w^-j.  '.23.  '^ 
de  to  take  place  in  them  ;  one  aidi  TaeAo&  b  '3=1^'  icKr;;.r:^ 
be  end  of  this  da^iba. 

We  can  thus  measore  the  stra^  of  a  fieii  dat  ;:  iz-;  zti^- 
inng  force^that  is,  the  nomba'  <£  ises  kx  i'jc-t  y^^^rx; 
tmgh  any  given  air  space — and  thai,  SSxi^  :=ac  i^ir.  I'.-u  .^ 
h  a  jriece  (rf  iron,  nMasure  the  reiuiic  ncna'ig  ^i^-Ji  ;s.?  .^ 
qd^  the  iron.  The  number  of  lines  of  fcrc£  ^a'w.-— r  "~.•^.■.-- 
aiea  of  one  square  centimetre  taken  ax  lizic  i^&«  -'.  --j;----  i 
led  the  amouDt  of  magnetic  indoctioD  :  dae  — ;a^^:  i-j-;.--  ■-- 
tough  the  air  space  is  equal  to  the  sOatgA  <ji  *i^  £>_  '.  '  -- 
e  permeability  of  air  b  i),and  the  magneoc  isCj--.  .'-  ■■-..,■- 
fe  iroti,  divided  by  the  streogth  of  the  magnetisn^  tkL'-  z  j.  "^ 
jnoeability  of  the  iron. 

1  By  experimenting  in  this  way  it  has  been  piryred  b^  ',r  i  ry^j-f 

m  not  only  do  different  substances  possess  \i^.'jij=  'i-zjtt 

pueability,  but  also  that  this  propert)-  may  ^^-^  owii/i^^ial 

oie  substance  under  certain  conditions  ;  and  it  i^  :^' 

lanange  the  various  substances  in  the  order  of  ihdr  r 

>  of  peimeabili^.     The  most  permeable  materral  knT 

\  iron,  and  it  is  found  that,  genetally  speaking, 

""d  impurity  of  the  iron  increase  so  its  pcrro 
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peel,    1 


decreases;  that  of  hard  steel,  nickel,  and  manganese  being  com- 
paratively low.  The  vast  majority  of  substances,  including  most 
of  the  other  metab,  are  very  nearly  equal  to  air  in  this  respect, 
while  the  permeability  of  a  few  metals,  including  bismuth  and 
copper,  is  less  than  that  of  air.  To  take  the  two  extreme  cases, 
the  permeability  of  iron  has  been  known  to  reach  as  high  a 
19,000— that  is  to  say,  19,000  times  as  many  lines  of  force  have 
been  known  to  pass  through  a  certain  piece  of  iron  than  passed 
tlirough  the  equivalent  air  sjrace  when  the  iron  was  absent,  while 
that  of  bismuth  has  not  been  found  to  be  much  below  o'999968, 

This  property  is  very  important  in  some  practical  operations, 
and  (especially  in  the  case  of  iron)  it  is  useful  10  know  the  condi- 
tions under  which  it  varies  in  the  same  materia!.  We  have  already 
touched  upon  a  practical  application  in  the  case  of  a  helix  or 
solenoid,  and  are  now  in  a  position  to  further  consider  the  matter. 
We  observed  that  the  electro -magnetic  effect  of  a  helijt  carT)-ing  a 
current  can  be  increased  in  t»-o  ways— either  by  increasing  the 
strength  of  the  current  and  so  increasing  the  actual  number  of  lines 
of  force  produced,  whatever  that  number  may  be,  or  by  inaeasing 
the  effect  of  the  available  lines  of  force  by  making  as  many 
them  as  possible  pass  through  that  space  near  the  ends,  where  thi 
will  be  able  to  act  to  the  greatest  advantage.  The  permeability 
bismuth  and  copper  being  less  than  that  of  air,  either  of  the 
substances,  when  placed  in  an  electro-magnetic  field,  will 
the  number  of  lines  of  force  passing  through  the  space  which 
occupies ;  but  even  in  the  case  of  the  most  effective 
known,  viz,  bismudi,  the  difference  is  so  very  slight  that  it 
difficult  to  perceive  or  measure  it.  If,  however,  any  substant 
were  to  be  discovered  with  a  permeability  very  much  less  ihl 
that  of  air,  one  way  of  leading  the  lines  of  force  through  tl 
desired  space  would  be  to  place  this  substance  in  tliat  part 
the  field  from  which  it  is  wished  to  exclude  those  lines— that 
to  say,  to  make  all  paths  but  the  right  one,  or  the  one  desired, 
difficult  as  possible.  But  the  permeability  even  of  bismuth  bei 
so  little  inferior  to  that  of  air,  the  only  available  method  of  attain 
^g  the  desired  end  is  to  nuke  the  path  which  it  is  desired 
of  force  should  take  as  easy  as  possible.  In  the  case  (rf 
loid  described  in  Cha\Uct  IV,  we  wished  to  increase  its  efle 
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by  leading  as  many  as  possible  of  the  lines  of  force  through  the 
ends  of  the  coil,  instead  of  allowing  them  to  leak  out  at  the  sides, 
and  for  ihis  purpose  fitted  it  with  a  soft  iron  core,  which  had  the 
desired  effect.  Since  the  penneability  of  different  qualities  of  iioo 
niries  so  much,  too  great  care  cannot  be  exercised  in  its  selection ; 
and,  ejiperiment  having  shown  that  soft  annealed  Swedish  iron  is 
superior  to  all  other  kinds,  this  should,  when  the  question  of 
expense  does  not  forbid,  be  used  in  all  cases  where  it  is  desired  to 
concentrate  the  lines  offeree  at  any  particular  point 

It  will  be  remembered  that  a  helix  of  wire  fitted  with  an  iron 
core  is  called  an  electro-magnet,  and  electro-magnets  differ  in  shape 
and  arrangement  according  to  the  work  they  are  intended  to  per- 
form. Thus,  if  it  were  wished  with  one  pole  of  an  electro-magnet 
to  repel  a  similar  pole  of  another  electro- magnet,  or  of  a  permanent 
steel  magnet,  with  as  much  force  as  possible,  it  should  be  made 
long  and  straight,  so  that  its  opposite  pole  might  be  as  far  away  as 
possible.  It  frequently  happens,  however,  that  an  electro -mag  net 
is  required  cither  to  support  a  heavy  weight  or  to  attract  another 

m^nct  or  a  piece  of  iron  as  ]K>werfully  as  possible.     It  is  tlien 

more  advantageous  to  allow  both  poles  p^^, 

of  the  electro-mag  net  to  act   together, 

and  this  can  be  accomplished  by  making 

it  somewhat  similar  in  shape  to  a  ho. 

(hoe,  and  so  bringing  the  poles  close 

together,  as  is  the  case  in  fig.  1 1 1,  wi 

ing  the  wire  only  over  the  Megs'  of  the 

iron  core. 

In     designing    an    electro -magnet, 

Jherefore,  the  object  to  which  it  is  in- 

■■r.dtd  to  apply  the  apparatus  must  be 

.  ;.i  clearly  in  view,  and  it  is  necessary 
.  ,1  the  general  principles  underlying  the 

4=._icnce  of  electro-magnetic  construction  should  be  now  considered, 

although,  under  the  most  favourable  circumstances,  these  laws  and 

principles  are  somewhat  complicated  and  involved,  and,  lo  a  great 

extent,  indeterminate 

In  the  generation  of  an  electro- magnetic  field  by  means  of  a 

S':)lenoid  there  are  two  prime  features  to  be  taken  into  considera.- 


I 
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tion — vi/-  the  strength  of  the  current  and  the  number  of  convolll 
tions  of  wire  consliiuting  the  coil.  It  can  readily  be  seen  that  th 
electro -magnetic  effect  produced  by  a  current  varies  directly  a 
the  strength  of  that  current,  so  that  to  double  the  intensity  of  th 
field  developed  by  any  particular  coil  it  will  suffice  to  double  tl 
it  strength.  There  is,  therefore,  no  need  to  lake  into  accouM 
the  resistance  of  the  wire,  except  in  so  far  as  it  may  modify  tli 
current  strength,  the  resistance  varying,  of  course,  directly  as  tht 
length,  and  inversely  as  the  square  of  the  diameter,  of  the  m're. 

As  the  current  strength  in  any  circuit  is  the  same  in  all  parl^ 
or  at  all  points,  of  that  circuit,  the  electro-magnetic  field  dereloped 
by  any  unit  length — say  one  inch  of  the  wire— is  exacUy  etjual  tg 
that  developed  by  any  other  portion  of  the  circuit  of  equal  lengtSt 
It  follows,  therefore,  that  two  convolutions  or  turns  of  vrin 
together  will  generate  a  field  twice  as  strong  as  that  which  can  bt 
devclojied  by  either  of  the  turns  taken  separately  ;  and,  spealcinj 
generally,  it  can  be  said  that  the  field  developed  by  a  solenci 
varies  in  strength,  directly  as  the  number  of  convolutions,  Ani 
this  will  be  true  whatever  the  nature  of  the  material  formir^  tl 
conductor,  or  whatever  its  resistance.  Nor  does  the  diameter  rf 
the  circle  described  by  the  wire  when  coiled  into  a  long  belit 
materially  affect  the  strength  of  the  field  developed  at  its  i 
unless  the  diameter  exceeds  about  one  half  the  length  of  the  coil 
The  dimensions  of  the  iron  forming  the  core  have  also  to  be  uLai 
into  account,  but  that  topic  will  be  considered  presently. 

Placing  these  two  factors  together,  then,  the  field  deveJopal 
by  an  electro -magnet  can  be  said  to  vary  directly  as  thee 
strength,  and  directly  as  the  number  of  convolutions  of  wire,  or  . 


where  m  is  the  strength  of  the  field,  C  the  strength  of  the  cuncrU 
and  w  the  number  of  turns. 

Since  c  is  measured  in  amperes,  tiiis  simple  formula 
qiiently  expressed  by  saying  that  the  field  varies  as,  or  is  eqoal  IH 
the  '  ampere- turns.'  As  the  number  of  lines  of  force  is  prop* 
tional  to  the  length  of  the  wire  and  the  current  flowing  througii 
it  would  be  more  correct  to  spealc  of  the  magnetic  effect  « 
ling  proportional  to  the  ampere-feet  or  ampere-yards ,  but  u 
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|D  ampere-turns  is  generally  adopted,  we  also  make  use 

Btated  just  now  that  the  diameter  of  the  coil  was,  with  a 
jeservation,  immaterial ;  but  it  must  be  remembered  that, 
kig  the  number  of  cells  in  the  battury  to  be  a  fixed  quantity, 
(ease  or  decrease  in  the  diameter  of  the  coil  must  proporlion- 
rease  or  decrease  the  length  of  tiie  wire  and  its  resistance, 
tse  thereby  a  decrease  or  increase  in  the  current  strength, 
fliis  variation  in  the  length  of  wire  is  accompanied  by  a 
ending  variation  in  its  cross-section,  so  as  to  keep  the  re- 
)  constant  The  all-important  Ohm's  law  must  always  be 
^  in  view  in  making  any  changes  of  this  sort,  or  serious 
ies  will  arise.  Let  us  suppose  that  a  wire  offering  5  ohms 
Ice  is  coiled  into  a  solenoid  composed  of,  say,  10  turns, 
ming  one  single  layer,  and  that  a  current  from  5  cells  of 
dectro-motive  force  and  1  ohm  resistance  per  cell  passes 
t  the  coiL  The  current  strongth,  supposing  the  connecting 
►  be  short  and  thick,  and  to  have  therefore  no  appreciable 
pt,  will  be 


S+S 
I  field  will  be  proportional  to 


I  ampere, 


iow,  to  produce  an  increased  field,  another  similar  layer  of 
jround  over  the  first,  the  number  of  turns  will  be  doubled, 
'  resistance  of  the  coil  will  be  more  than  doubled,  for  the 
ir  of  the  outer  layer  will  be  greater  than  that  of  the  inner. 
&)£  however,  the  difference  in  diameter  to  be  so  small  as 
f  no  material  difference  in  the  length  of  the  wire,  the  current 

1  will  be  _i^  =  66, 

10  +  5 

!  dectro- magnetic  field 

0-66x20=13-2. 


arly,  with  a  third  layer,  the  c 


t  becomes 
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0-5  X  30  = 


15-0 


The  multiplication  of  the  layers,  therefore,  does  not  projior- 
tionatly  increase  the  strength  of  the  field.  On  the  other  hand,  the 
consumption  of  materials  necessary  to  the  generation  of  the  cui- 
rent  is  reduced,  and  the  economy  of  the  sj'stem  proponionally 
increased.  If,  therefore,  a  coil  of  99  layers  were  employed,  and 
supposing  for  the  moment  all  the  turns  to  be  of  uniform  length 
and  resistance,  the  arrangement  would  be  very  economical,  for  the 
current  would  be  only 


while  the  field  would  be 


495  +  5 


X990  =  I9'8. 


But,  of  course,  the  length  of  wire  composing  the  ninety-ninth 
layer  would  be  considerably  greater  than  that  forming  the  Cret 
Now,  ihe  circumference  of  a  circle  varies  directly  as  its  diameter, 
and  is  equal  to  2  t  r,  where  t  is  the  ratio  between  the  circumfer- 
ence of  a  circle  and  its  diameter,  or  3'i4i6,  and  r  is  the  radius  ol 
the  circle.  If,  therefore,  the  diameter  of  the  outside  layer  is 
actually  twice  that  of  the  inside,  the  length  of  the  wire  in  each  of 
the  larger  turns,  and  consequently  in  the  whole  layer,  will  be 
exactly  doubled,  and  its  resistance  doubled  also ;  and  the  inienne- 
diatc  layers  will  vary  proportionally.  But  the  actual  resistance  of 
the  whole  coil  can  be  easily  calculated,  for  if  the  radius  of  the  inside 
layer  is  half  an  inch  and  of  the  outside  layer  one  inch,  the  mem 
or  average  radius  will  be  three-quarters  of  an  inch— that  is  to  say, 
the  length  of  wire  in  the  fifiieth  layer  will  be  half  as  long  again  as 
that  in  the  first.  Its  resistance  will  therefore  be  7-5  ohms.  Simi- 
larly, the  resistance  of  the  first  and  last  layers  together  will  be 
15  ohms,  or  an  average  of  7-5  ohms  per  layer,  and  this  will  be  true 
of  every  similarly  situated  pair  of  layers,  so  that  the  total  resist 
of  a  number  of  layers  is  equal  to  the  resistance  of  the  middle  a 
average  layer  multiplied  by  the  number  of  layers.  In  the  O 
under  consideration  the  resistance  will  be 


R  =  75x99  =  742-5. 
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an  J  the  current  strcngtli 


"33. 


742*5  +  5 
and  the  electro -magnetic  field 

0-0133x990=  13-167. 
If,  novf,  we  suppose  the  number  of  layers  to  be  again  doubled, 
and  the  mean  radius  increased  thereby  to  i  inch,  the  mean  or 
average  resisLtnce  will  be  10  ohms  per  layer,  and  the  total  resist- 
ance of  the  198  layers  1,980  ohms.    The  current  then  becomes 


■0  +  5 


=  -005, 


-4" 


and  tlie  electro -magnetic  field  becomes 

0-005  ^  ^98°  =  9'9- 
The  addition  of  layers  of  wire  after  a  certain  point  has  been 
teached  has  the  result,  therefore,  of  so  increasing  the  proportional 
icsistance  as  to  reduce  the  effect  which  can  be  developed  by  any 
given  battery,  and  this  limit  of  usefulness  or  efficiency  is  reached 
when  the  maximum  radius  is  twice  that  of  the  bottom  or  first  layer. 
When  the  field  due  to  a  certain  coil,  with  inside  and  outside 
kyers  having  resistances  of  i  ;  2,  is  insufficient  for  a  given  purjtose, 
it  may  become  advantageous  to  re-wind  the  bobbin  with  wire  of  a 
sioailer  gauge,  so  as  to  get  p^^  ^ 

a  greater  number  of  turns  ri  '^  r 

iaio  the  same  compass.     A      [^ "£!" \ 

irference  to  the   diagram, 

Sg.  iii,  will    simplify   the 

snail  difficuhies    involved 

in  a  consideration   of  this 

nattct.     Let   us  suppose  the   figure  to  represent   a   wooden  or 

etonite  bobbin,  and  that  the  length,  /,  of  the  space  occupied  by 

tliecoil  or  the  distance  between  the  'cheeks' of  the  bobbin,  is 

iuidies,  while  the  radius,  a,,  of  the  bottom  layer  to  be  wound  is 

1  quarter  of  an  inch,  and  the  extreme  radius,  Oj,  of  the  coil  three- 

■luarteis  of  an  inch.     The  mean  radius  a  will  be  half  an  inch,  or 
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us  only  three  quantities  known,  vii.  the  dimension: 

e  resistance  which  the  coil  is  to  offer,  and  the  spi 
of  the  copiK-r  ;  while  the  length  of  the  wire  and  i 
unknown  and  require  to  be  ascertained.  The  space  in  whidi  d 
•  wire  is  to  be  wound  can  be  calculated  from  the  given  dimensiB 
for,  V  being  this  space  or  volume, 

v  =  n/(a,»-tf,»), ( 

or  v  =  3-1416  X3(75»- -25') 
^  47 1 24  cubic  inches. 
But  supposing,  as  will  be  actually  the  case,  that  the  wire,  A 
diameter  is  d,  occupies  the  same  space  that  it  would  takeM 
to  be  square  instead  of  round,  then,  manifestly, 

V  =  LXrf' I 

As,  also,  the  total  resistance  of  the  wire  varies  directljis 
length,  directly  as  its  specific  resistance  s  (which,  in  this  CSSH 
take  as  the  resistance  per  cubic  inch),  and  inversely  as  tbeaW 
cross-section  of  the  wire, 


llul  the  area  of  the  insulated  wire  is  equal  to  irr*. 


But  from  (2)  it  will  also  be  seen  that 


l-oiisequentiy 
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4  L'  J  =  IT  R  V. 
■  s        tR  V 


md,  finally, 


_        /it  R  V 


(6), 


By  inserting  ihe  numerical  values  on  the  right-hand  side  of 
ihis  equation,  the  length  l,  having  the  required  resistance,  can 
therefore  be  foundj  after  which  we  can,  by  equation  (4),  determine 
also  ihe  gauge  of  the  wire.  It  must,  however,  be  noted  that,  for 
simplicity,  d  is  taken  as  the  diameter  of  the  bare  wire  in  equation 
(:),  thus  rendering  the  result  only  approximate ;  but  when  the 
thickness  of  the  wire  is  great  as  compared  with  that  of  the  insu- 
lation, the  formulte  approach  very  closely  to  the  truth. 

It  is  frequently  useful  to  know  the  exact  length  of  any  par- 
ticular wire  which  can  be  wound  on  any  particular  bobbin,  and, 
knowing  v  and  d,  this  can  be  easily  ascertained,  for,  if  d^  represents 
the  outer  diameter  of  the  wire  and  its  covering,  v  the  volume  of 
the  wire-space,  and  l  the  required  length,  then 


So  far,  very  httle  has  been  said  concerning  the  dimensions  and 
nature  of  the  core,  beyond  the  fact  that  it  should  have  the  highest 
possible  degree  of  permeability,  and  be  constructed,  therefore,  of 
the  best  annealed  iron,  and  that  there  is  a  limit  to  the  number  o( 
lines  of  force  which  can  easily  be  passed  through  an  iron  core. 
These  considerations  render  necessary  the  employment  of  a  rela- 
tively massive  core,  baring,  for  the  best  electro- magnetic  effect,  a 
diameter  equal,  at  least,  to  the  thickness  of  the  coil  with  which  it 
is  to  be  surrounded— that  is  to  say,  its  diameter  should  correspond 
totheihickness  /  in  the  ideal  coil  illustrated  in  fig.  112.  Itis  here 
HiKthe  question  of  relative  permeability  has  to  be  taken  into  con- 
sideration, for  it  has  been  experimentally  demonstrated  that  there 
isalimit  to  the  number  of  lines  of  force  that  can  be  transmitted 
by  a  given  mass  of  iron,  and  that  this  limit  is  soon  exceeded  when 
Ite  diameter  of  the  core  of  an  electro- magnet  is  small  as  compared 
with  that  of  the  coil  which  surrounds  it.  The  permeability  of  a 
'Otl  of  iron  decreases  as  the  hties  of  force  passing  through  it 


I 
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poitional  to  the  cutrcnl  flowing  ihrough  it  The  third  curve  oc 
is  particularly  interesting.  Suppose  the  magnetic  cflFect  due  Uj 
coi]  alone,  and  represented  by  the  distance  d  i*,  to  l>c  deilucteil 
from  the  joint  effect  produced  with  the  same  current  by  ihc  u 
and  coil  combined,  and  represented  by  the  distance  d  a,  then  the 
remainder  Dcnill  represent  the  effect  produced  by  the  core  alone 
And  if  this  subtracting  process  is  carried  out  along  each  of  the 
ordinates,  the  curve  o  c,  known  as  the  curve  of  magnetisation,  will' 
be  produced.  Now,it  will  beobserved  that, afteracertainpoinlhi 
been  reached,  this  curve  becomes  a  nearly  horizontal  straight  lio^ 
indicating  that  the  saturation  point  of  the  iron  has  been  reached 
and  that  any  further  increase  in  the  current  strength  does  not  adi 
appreciably  to  the  magnetisation  of  the  core,  the  increase  in  ibi 
strength  of  the  field  developed  being  tliat  due  to  the  coil  ilseH 
The  two  curves  o  c,  o  b,  would,  if  the  experiments  were  carried  b 
enough,  intersect,  at  a  point  where  the  permeability  of  ihe  li 
equals  that  of  the  saturated  iron. 

Pure  soft  iron  has  another  property  which  recommends  ill 
adoption  for  the  cores  of  electro -magnets,  and  that  is  i 
'retentivity,'  for,  as  a  rule,  electro-magnets  are  required  to  deveio 
as  strong  a  field  as  possible  at  some  particular  point  directly  th 
current  commences  to  flow,  and  to  lose  or  be  deprived  of  ail  tfjo 
of  magnetisation  on  the  cessation  of  the  current.  Steel,  as  a 
have  already  seen,  always  retains  a  large  proportion  of  the  magtieB 
state  impressed  upon  it  by  the  projection  of  an  electro-magneS 
field  through  it,  or,  in  ordinary  language,  it  retains  the  magnetia 
imparted  to  iL  Hard  and  impure  iron  have  simflar  propalie 
inferior  only  to  steel  itself.  There  is  no  doubt  that  these  propfl 
ties  of  permeability  and  retentivity  are  very  largely  governed  ll 
the  molecular  structure  of  the  iron  or  steel,  and  by  the  greater  ( 
less  rigidity  obtaining  among  the  particles  of  the  metal.  In  fi 
the  two  properties  go  together ;  for  all  qualities  of  iron  or  st 
through  which  it  is  difficult  to  urge  the  lines  of  force,  or  to  m 
netise,  are  found  to  be  correspondingly  obdurate  when  it  is  s( 
to  demagnetise  them,  or  deprive  them  of  magnetisation. 
'  i,  therefore,  a  double  gain  in  employing  pure  soft  iron,  for  d 
"  ■  '  its  permeability  greater,  but  its  retentivity  is  also  less  ihi 
impure  or  hard  iroiv 


On  the  other  hand,  in  selecting  a  material  for  permanent 
K^;nets,  the  principal  thing  lo  be  considered  is  the  retentivity, 
■hich,  of  course,  should  be  as  high  as  possible.  No  substance 
as  yet  been  found  which  is,  in  this  respect,  superior  to  good  hard 
[eel.  Some  specimens  of  sicel  have  been  made  sn  hard  that 
fforts  to  magnetise  them  have  proved  futile.  One  of  the  most 
emarkable  features  to  be  observed  in  this  matter  is  the  extra- 
prdinary  effect  produced  by  the  admixture  of  a  small — one  might 
Imost  say  a  minute— proportion  of  other,  or  foreign,  substances 
rilh  the  iron.  Just  as  a  fractional  proportion  of  iron  or  other 
netal  added  to  copper  causes  a  large  increase  in  its  electrical  re- 
istance,  so  the  addition  of  carbon,  tungsten,  phosphorus,  sulphur, 
jsenic,  &c,,  to  iron,  reduces  its  permeabihty  and  also  increases  its 
etentivity.  This  reduced  permeability  corresponds,  in  many 
espects,  to  increased  electrical  resistance  in  a  conductor,  and  is,  in 
bet,  sometimes  referred  to  as  increased  magnetic  resistance.  In 
he  case  of  ordinary  steel  the  retentivity  is  evidently  due,  in  a 
^t  measure,  to  the  presence  of  carbon,  and,  with  a  bar  of  good 
n^nel-steel,  the  permeability  is  so  feeble,  and  the  retentivity  so 
{real,  that  it  is  impossible,  by  electro- magnetic  induction,  to  upset 
iht  molecular  arrangement  in  the  interior  of  the  bar,  so  that  the 
magnetisation  is  in  reality  only  skin-deep.  This  can  be  easily 
proved  by  magnetising  a  small  piece  of  very  hard  steel  and  then 
immersing  it  in  dilute  sulphuric  or  hydrochloric  acid.  In  a  few 
moments  the  surface  of  the  metal  will  have  been  dissolved,  and  on 
withdrawing  it  from  the  liquid  all  trace  of  magnetisation  will  have 
disappeared.  Consequently,  it  is  preferable,  in  making  a  large 
pennanent  magnet,  to  build  up  a  number  of  thin  strips  of  steel 
ait  to  size  and  then  magnetised  separately.  On  fastening  them 
Ogether,  the  built-up,  or 'laminated,' magnet  will  be  found  capable 
f  producing  a  far  stronger  field  than  can  be  obtained  with  any 
QLd  magnet  of  similar  dimensions.  It  should,  however,  be  added 
twt  in  building  up  a  compound  magnet,  or  '  magnetic  battery," 
bcre  is  no  advantage  in  employing  irass  screws  or  bolts  to  fasten 
be  individual  magnets  together  as  is  usually  done.  In  fact,  this 
'Ian  cannot  but  disperse  the  hnes  of  force  passing  through  the 
rtagnets,  and  therefore  weaken,  more  or  less,  the  polar  strength. 
ion  screws  or  bolts  are  mechanically  and  magnetically  preferable. 
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It  is  interesting  to  notice  that  specimens  of  steel  fairt 
made,  containing  la  per  cent-  of  manganese,  which  it  haS' 
found  practically  impossible  to  magnetise  e\'en  under  the  inft( 
of  a  very  powerful  field.  Probably,  the  magnetic  reluct 
molecular  rigidity,  magnetic  inertia,  or  whatever  else  wc  may  d 
to  call  that  propwrty  of  steel  which  our  forefathers  knew  as  co( 
force,  is  so  great,  that  to  overcome  it  is  impossible.  Simikril 
follow  when  the  proportion  of  carbon,  phosphorus,  sulphin; 
mixed  with  the  iron  exceeds  a  certain  small  limit,  while  the  d 
Hire  of  even  the  smallest  [lercentage  of  antimony  suffice^ 
alleged,  to  destroy  all  trace  of  magnetic  properties.  There  A 
certainly  be  a  large  field  of  practical  utility  open  to  theeconH 
manufacture  of  unmagneti sable  iron.  For  example,  the  bed'j 
of  dynamos  are  sometimes— and  used  to  be  even  moreexte^ 
than  now— separated  from  the  field-magnets  by  huge  slabs  ol 
because,  otherwise,  they  would  form  what  may  he  called  a  mu 
short-circuit  between  the  pole's  of  the  field-magnets.  Zl 
mechanically  much  weaker  than  iron,  and  this,  added  to  iti 
much  higher  price,  renders  its  i]se  highly  objectionable  T<* 
the  difficulty,  dynamos  are  rarely  designed  now  with  tbdi 
pieces  downwards,  but  are  turned  about  so  that  the  bed 
is  connected  to  the  yokes  or  magnetically  neutral  portions* 
field-magnets.  Under  such  circumstances  only  a  very  few  C 
lines  are  wasted  by  passing  through  the  bed-plate.  Re^-cttj 
the  question  of  magnetic  inertia,  it  may  be  mentioned  thi 
cause  which  may  operate  to  set  up  molecular  vibrations  in  a 
of  iron  or  steel  facilitates  cither  magnetisation  or  demagneti 
— that  is  to  say,  if  the  metal  is  placed  in  a  magnetic  field  ai4 
vibrations  set  up  in  it,  it  will  be  more  readily  and  more  pow^ 
magnetised  than  would  be  the  case  were  the  vibrations  not* 
and,  conversely,  a  magnet  loses  its  magnetisation  by  beingf 
vibration,  due  to  the  fact  that  facilities  are  thereby  afforded  fl 
individual  particles,  which  are  ihemselves  magnets,  to  partiallrt 
and  form  little  closed  magnetic  circuits  in  the  mass  of  ti 
These  vibrations  can  be  caused  by  heating,  hammering,  t 
or  any  other  similar  violent  treatment.  Hence,  steel  i 
should  always  be  placed  down  gently,  and  never  dropped  or 
down,  otherwise  the  magnetisation  will  be  more  or  less  desi 
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sgnet  raised  to  a  red-heat  loses  its  magnetisation  entirely, 
.his  can  easily  be  demonstrated  by  heating  a  magnetised  sew- 
leedle  in  a  gas  fiame. 

ly  adopting  the  precautions  referred  to,  magnets  can  be 
!  capable  of  sustaining  considerably  more  than  thirty  times 

o%?n  weight,  but  a  description  of  the  method  practically 
ted  for  the  manufacture  of  permanent  steel  magnets  capable 
ome  years  of  supporting  about  twenty-five  to  twenty-eight 
i  their  own  weight  may  prove  serviceable.  In  this  case,  the  best 
iten  steel  is  employed.  It  is  heated  gently  to  a  dull  red  heat  and 
nered  into  the  required  shape,  care  being  taken  not  to  raise 
emperature  too  high,  or  the  tungsten  will  be  volatilised-  A 
1  magnet  may  therefore  require  to  be  placed  in  the  fire  several 
1  before  the  necessary  shape  has  been  obtained.  This  pro- 
being  completed,  the  steel  is  then  hardened  by  being  first 
^  in  a  close  tire  out  of  contact  with  air,  so  as  to  ensure  uni- 

heating  and  to  prevent  the  formation  of  a  hard  scale  of  iron 
t     It  is  then  dipped  into  a  water  bath.     This  latter  process 

be  carefully  attended  to,  or  the  metal  will  be  twisted  or 
■wise  distorted.  It  should  be  held  vertically,  and,  if  of  the 
:-shoe  pattern,  its  extremities  should  be  dipped  in  first,  the 
1  being  steadily  lowered  into  the  water.  The  next  process  is 
of  polishing,  after  which  it  is  passed  a  few  times  over  the 
i  of  a  large  and  powerful  permanent  magnet,  the  steel  being 
^  over  once  or  twice  so  as  to  magnetise  both  faces.  Of 
se,  a  large  electro -magnet,  with  a  powerful  current  circulating 
igh  its  coils,  can  be  employed,  but  the  other  form  is  quite 
ieni  and  certainly  much  less  troublesome. 
Ve  have  not  yet,  however,  said  all  that  requires  to  be  said 
1  the  subject  of  electro-magnets.  One  important  detail,  so  far 
ected,  is  the  length  of  the  coil  and  of  the  core,  as  compared 
\  the  diameter.  It  has  already  been  laid  down  that  the 
imum,  or  outside,  diameter  of  the  coil  should  not  exceed  three 
Et  the  diameter  of  the  core ;  but  although  it  is  often  stated 
Ithe  best  result  is  obtained  when  the  length  of  the  core  is  six 
a  its  diameter,  we  have  failed  to  discover  any  universal  reason 
such  a  proportion.  As  a  matter  of  fact,  with  a  bar-magnet, 
re  we  desire  to  employ  only  one  pole,  and  wish  to  mask  oi  get 
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f  Ac^fca  of  Ae  oikeE,  Aee  is  a  decided  adnnuge  in  using 
wt  tf  ^Hk  00^  cnftoRxaal  kz^tli,  and  if  we  are  restricted 
c  to  be  BBplo]«d,  we  can  then  wind  (cKei 
oag  pax  at  irati  tlttii  would  be  wound  ovei  a 
^  at  doing  we  shoald  reduce  the  disonce 
■■  Jnd  dK  wire,  ind  tberefore^  with  the  same 
i^Bfan  of  &MES  cf  bwce  passing  through  the  cor 
e^Kadngif  ■*™"«^       Supposing,  bowers,  thcj 
I  between  the  respective  dii>j 
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e  and  its  coil,  and  the  gauge  of 


wmabaoCtmaa,  the  potar  strength  developed  close  to  one  enf 
dK  cne  w9  (ST  as  die  stpure  al  die  length  of  the  core,  prorldi 
faowcfoi  that  Ibe  core  b  not  so  exoo^vely  lengthened  as  to  at 
■B^  of  titt  facs  of  fanx  to  '  leak  out '  at  the  sides  of  the  a 
IIk  ^wit  wM,  (tf  comse,  vary  with  different  qualities  of  iron,. 
tfae  tptr^iaa  is  rnainlj  one  of  rdative  permeability.  Somelinei 
there  is  an  advwnt^  in  using  very  short  electro-magnets,  as,  kt 
*«"T^,  when  it  is  desired  to  obtain  one  which  shall  respond 
IKiompdy  to  niitfions  or  reversals  of  the  magnetising  current. 

So  bi,  we  have  only  considered  electro-m^nets  in  whidi  i 
wtte  is  wound  efenlyifaroiigbout  their  length,  but,  for  some  pt 
it  b  preferable  to  wj  tfae  method  of  winding.  I(  for  eia 
is  desired  to  coastmct  a  bar-magnet  nbich  shaU  developan 
powerM  6dd  dose  to  its  extremities,  but  which  is  not  wanted 
exert  any  force  M  a  comparatively  greater  distance,  then  the  b( 
form  to  give  to  the  piece  of  apparatus  is  that  in  which  the  wift 
'coned  up'  near  the  ends— that  is  to  say,  where  a  large  numfcl 
of  layers  is  wound  over  the  ends,  the  number  decreasing  towardsd 
middle,  few  or  none  being  wound  over  the  central  portion  o(i 
core,  although  at  no  point  should  the  wire,  as  a  rule,  be  wound' 
more  than  three  times  the  diameter  of  the  core.  The  lino 
force  in  such  an  electro- magnet  will  be  powerfully  developed  oe 
the  ends,  and  there  will  be  little  tendency  for  them  to  laiM 
On  the  other  hand,  they  will  make  much  smaller  air-curves  ill 
luld  result  from  an  equal  length  of  wire  wound  evenly  aloagt 

length  of  the  core. 
.The  hotse-shoe  form  is  only  adopted  when  it  is  desired  f^* 
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t  (he  maximum  attraction  upon  a  piece  of  iron  placed  near  it 
It  were  placed  at  any  considerable  distance  compared  with  the 
;  between  the  magnet  poles,  most  of  the  lines  of  force 
i  pass  across  the  air  space  from  one  pole  to  the  other  without 
ring  the  iron.  But  such  a  magnet  obeys  the  same  law  that 
s  good  for  bar  magnets  so  far  as  the  relative  strength  of  the 
[net,  when  traversed  by  various  currents,  is  concerned.  That 
e  have  an  electro -magnet  developing  a  field,  at  a 
1  distance  the  strength  of  the  field  will  vary  directly  as  the 
^  strength  of  the  current  producing  it.  When,  however,  a  piece  of 
soft  iron  is  placed  in  the  field,  the  lines  of  force  are  diverted,  and, 
passing  through  it,  endow  it  with  magnetic  polarity,  and  the 
polarity  developed  varies  directly  as  the  number  of  lines  passing 
through  it,  or  as  the  strength  of  the  current.  Such  a  piece  of  iron 
is  called  an  armature,  but  we  may  regard  it  for  the  time  being  as 
another  magnet,  and  when  we  have  two  magnets  mutually  attract- 
ing one  another,  the  force  of  attraction  is  proportional  to  the  pro- 
duct of  their  magnetic  strengths,  or  the  force 

uliere  m  is  the  strength  of  one  magnet,  and  Wi  that  of  the  othur 
Jcr  of  the  armature). 

IS,  now,  we  suppose  the  strength  of  the  current  to  be  doubled, 

id  consequently  the  magnetic  field  developed  to  be  also  doubled, 

I  (assuming   the   iron   to   be   far  from  saturated)  twice  ihc 

nber  of  the  lines  of  force  will  pass  through  the  armature,  the 

sadon  of  which  will  therefore  also  be  doubled,  that  is 

/i  :  am  X  aw,  =  /^mm^, 

5  doubling  the  cunent  strength,  quadruples  the  magnetic  attrac- 
Hence  this  attraction  at  any  given  distance  varies  directly 
i  the  square  of  the  strength  of  the  current  flowing  through  the 
When,  however,  the  iron  approaches  saturation,  the  altera- 
b  in  its  permeability  prevents  any  definite  law  being  formulated. 
■  This  law  is  sometimes  mis-stated  by  saying  that  «t  =  W|, 
,  =  «'.  But  this  is  only  true  when  the  whole  of 
fclinesof  force  emanating  from  the  poles  of  the  electru-magnet 
Kpiss  through  the  armature,  and  this  rarely  or  never  happenis. 
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To  ensure  that  the  armature  shall  be  capable  of  transmitluig 
a  large  percentage  of  ibe  numt>er  of  lines  of  force  which  pass 
through  the  core,  it  is  evident  that  it  must  at  least  be  equal  ia 
permeability  and  coirespondingly  massive.  It  should  certainly  be 
equal  in  section  to  the  core. 

One  of  the  best  forms  of  the  horse-shoe  magnet  is  that  illos- 
trated  in  fig.  it i.  It  will  be  seen  that  the  coil  is  divided  into  wo 
sections,  placed  one  on  each  limb  or  leg  of  the  core,  the  winding 
being  such  that,  were  the  core  straightened  out  and  the  coils 
pushed  togelber  so  thai  their  ends  meet,  they  would  fonn  odc 
continuous  coil  or  helix.  Otherwise  similar  instead  of  diaimilsi 
poles  would  be  developed  at  the  extremities  of  the  core.  The 
iron  should  be  the  best  and  softest  procurable,  and  should  be 
bent  round  so  that  the  poles  are  close  together;  a  comparaiivd)! 
very  large  number  of  the  lines  of  force  will  then  pass  through  the 
space  between  the  poles  when  the  armature  is  removed.  The  sur- 
faces in  contact  should  fit  as  perfectly  tme  as  possible,  so  that  there 
is  the  minimum  air  space  between  them.  Sharp  comers  or  edges 
should  be  avoided,  and,  since  the  natural  shape  of  the  lines  of 
force  is  circular,  the  whole  should  approximate  to  the  circohr 
form,  when  there  will  be  little  tendency  for  the  lines  of  foret  lo 
'  leak  out '  of  the  iron  and  complete  their  circuit  through  the  air 
space. 

Horse-shoe  electro-magnets  are  frequently  constructed  to  sus- 
tain a  weight.  The  sustaining  power  must  not,  however,  be  con- 
founded with  the  strength  of  the  field  or  the  magnetic  strengili,  as 
this  f)ower  depends  upon  a  number  of  secondary  considerations 
such  as  the  shape  and  smoothness  of  the  pole  pieces  or  exlremilies 
of  the  core,  the  dimensions  and  surface  of  the  armature,  ik 
method  of  appljing  the  weight  to  be  sustained,  &c,  whii.li  li' 
require  to  be  taken  into  account  when  estimating  ttic  ' 
magnetic  field  itself.  The  weight  can  be  suspended  fruin 
fixed  to  ihe  middle  of  the  armature,  so  that  the  pull  u(jo:i 
two  poles  is  equal,  the  sustaining  power  being  measured  by  lin 
weight  which  can  be  supported  by  the  armature  without  c 
its  separation  from  the  magnet. 

It  is,  however,  frequently  preferable,  for  convenience  of  O 
ruction,  as  in  the  case   of  most    fonns  of  dynamo-el 
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[lines,  as  well  as  in  telegraphic  and  other  similai  apparatus,  to 
luild  up  an  electro -magnet  in  which  two  straight  cores  are  yoked 
Sgether  by  a  piece  of  soft  iron  which  is  screwed  or  bolted  to 
hem.  The  yoke  must  naturally  be  massive,  and  the  surfaces  fit 
ni)y  to  avoid  as  far  as  possible  the  introduction  of  a  magnetically 
esisUng  air  space. 

We  have  stated  frequently — so  frequently,  in  fact,  (hat  we 
Jmost  feel  it  necessary  to  apologise  for  repeating  the  statement— r 
liat  when  a  current  of  electricity  is  set  up  in  a  wire,  an  eleciro- 
uagnelic  field  is  almost  immediately  generated  in  the  region 
(UiTDunding  that  wire.  But  the  converse  of  this  is  also  true — viz. 
llat  when  an  electro- magnetic  field  is  suddenly  set  up  around  a 
mrc,  there  is  a  tendency  for  a  current  to  be  generated  in  that  wire 
Atri/rg  llif  Sftting  up  of  the  field,  and  if  the  wire  forms  part  of  a 
complete  circuit  a  current  will  flow  along  it.  The  source  of  the 
fidd  is  immaterial :  it  may  be  a  permanent  magnet,  a  straight  wire 
«i  a  helix  carrj-ing  a  current ;  all  that  is  essential  being  that  the 
iocs  of  force  should  be  thrust  across  the  wire,  or  that  the  wire 
^uld  be  moved  in  such  a  manner  as  lo  cut  the  lines  of  force 
transversely.  As  an  instance,  let  a  b,  c  D  (fig.  1 14)  be  two  wires 
^Tiing  side  by  side  for  a  certain 

..ince,  each  forming  part  of  acorn-  p^  '  g 

-t  circuit.     If  a  current  is  started 

!-■  A  B,  lines  of  force  will  immediately  ^ ^ 

iurt  from  its  centre,  or  axis,  in  the 

f":in  of  widening  circles,  and,  cutting  the  second  wire,  c  D,  set  up 

i:!eclro- motive   force  therein  and,  in  consequence,  generate 

.  tlectric  current.    It  is  only,  however,  while  the  lines  of  force 

Ktually  cutting  the  second  wire  that  the  e.m.f.  is  developed, 

■;  as  this  cutting  ceases  immediately  the  current  in  a  b  arrives 

■^  full  strength,  the  induced  current  lasts  but  for  a  moment. 

direction  it  is  opposite  to  the  current  in  the  wire  a  b.     While 

■^  r^rigina!  current  is  steady  many  of  the  lines  of  force  due  to 

'  I    arc  embracing  the  adjacent  wire  c  d,  though,  being   relatively 

ai  tcsi,  they  have  no  effect  thereon. 

But  when  the  current  in  a  b  is  slopped,  all  the  lines  of  force 
rollapse  upon  it,  and  those  which  extended  beyond  the  wire  c  d 
a^ia  cut  it,  and  thereby  induce  in  it  another  momentary  current 
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^^     directic 
^H     by  the 


But,  since  the  lines  now  cui  the  wire  CD  in  the  opposite  sense  (for 
the}-  approach  it  from  the  opposite  side))  the  resulting  cumnt  is  in 
the  opposite  direction  to  the  pre^nous  one — that  is,  it  is  now  in  llis 
same  direction  as  the  inducing  carrent  which  was  Cowing  in  the 
wire  A  B,  By  noting  the  direction  of  the  lines  of  force  due  to  the 
inducing  current,  and  the  direction  in  which  they  must  coil  round 
the  wire  CD  during  the  time  they  are  passing  it,  we  might  pretiici 
iViGdireciion  of  the  induced  current  in  either  case.  It  is  some 
wliat  difiicult  to  make  this  clear  by  diagrams,  but  an  analog)-  mv 

P,_,  ^__^  assist  us  to  a  great  eitenL    i 

When  any  sm.tU  body  ij 
dropped  on  the  surface  of  | 
stiil  water  it  breal^s  ibu 
surface  into  a  series  of 
ripples  which  take  tlie  form 
of  ever-widening  concentric 
circles,  as  in  iig.  115,  where 
A  is  the  point  of  generation. 
In  such  a  manner  do  the 
lines  of  force  sprint  in!i> 
existence  from  a  n:i. 
with  lar  greater  1 
and  it  is  difficult  1 
case  to  fix  a  limit  to  their  extent  if  the  medium  (the 
ether)  is  not  limited. 

Now,  if  these  water  ripples  meet  any  obstruction,  for  ir 
a  post  at  the  point  c,  they  set  up  around  it  a  scries  of  ci 
ripples,  feebler,  perhaps,    but  precisely  similar  i 
themselves.     It  is  difficult  at  present  to  say  with  ceruiniy  ej 
what  happens  in  the  case  of  the  electro- magnetic  lines  (£  ft 
but  we  can  safely  use  the  analogy  for  the  purpose  of  demon 
ing  that  the  direction  of  the  lines  of  force  round  the  wireir 
the  current  is  induced  is  opposite  lo  their  direction  round^ 
inducing  wire.     For,  suppose,  as  in  the  case  of  the  lines  of  ft 
the  original  ripples  round  a  to  have  what  is  called  a  p 
direction— that  is  to  say,  that  they  circulate  in  a  i.^ 
direction  after  the  manner  of  the  hands  of  a  clock,  8 
by  the  arrows ;  then,  since  that  direction  would  not  be  I 


wires  were  then  suddenly  movH 
retreating  lines  of  force,  just  a9 
the  dyiiig  anay  of  the  prinul 
current  would  therefore  be  the  I 
These  induced  currents  beaB 
producing  them.  The  e.m.f.  iri 
to  the  number  of  lines  of  forca 
at  which  they  cut  it.'  Now,  the! 
increased  by  increasing  the  streii 
wire,  or  by  adding  lo  the  length! 
however,  more  convenient  to  wil 
helices,  when  the  effect  will  be  ! 
from  two  long  straight  wires. 
should  be  as  close  together  as 
force  very  near  the  primaiy  wire 
wire  at  all,  and  would,  therefore. 
In  some  cases  when  it  is  desirw 
current,  the  primary  and  secoodi 
of  concentric  helices,  and  an  ire 
number  of  lines  of  force  which 
such  means  made  the  number  of  i 
the  only  other 
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"  -tc'p  suddenly  ;  time  is  taken  for  the  lines  of  force  to  spring  into 

:-tence  and  to  die  aivay,  and  under  certain  conditions  this  time 

.  .>  be  considerable.     To  understand  the  principal  cause  of  this 

aiiijjgishncss  let  us  refer  again  to  fig.  115  and  further  study  the 

case  of  the  water  ripples.    A  Htde  thought  or  experitnenl  will  . 

make  it  evident  that  the  secondary  ripples  round  c  will  quickly 

reach  the  point  a,  and  if  the  body  which  caused  the  disturbance 

is  siill  there,  will  set  up  around  it  ripples  in  the  opposite  sense  to 

the  original  ones.    Now,  suppose  two  wooden  balls,  a  and  b,  were 

dropped  into  the  water  at  the  same  moment  close  together  and 

equidistant  from  c,  they  would  set  up  ripples  round  c,  each  to  the 

same  extent  and  in  the  same  sense  ;  in  fact,  the  number  round  c 

would  be  doubled.    But  still  stronger  is  the  effect  of  a  and  B  round 

each  other,  and  (still  assuming  a  positive  direction  just  as  we  do  for 

lines  of  force)  the  direction  of  the  ripples  so  set  up  round  eacii 

will  be  opposite  to  those  which  it  generates.     In  the  same  way  if 

a  primary  wire  is  looped  into  two  convolutions,  a  and  B,  they 

il  generate  round  an    equidistant  loop  of  the  secondary  just 

■  iiljle  the  number  of  hnes  offeree  which  one  will ;  but  they  also 

I  .Ltt  upon  each  other,  each  setting  up  round  the  other,  lines  of  force 

»hich  would  generate  a  current  tending  to  stop  the  primary  one, 

the  result  being  that  this  primary  current  does  not  rise  so  rapidly 

lo  its  full  strength.    This  retardation  increases  as  we  increase  the 

■  Niiiber  of  convolutions  ;  in  fact,  it  varies  directly  as  the  square  of 

-■ :  number  of  convolutions,  because  each  one  acts  upon  all  the 

-Ts  and  ihey  in  their  turn  act  upon  it.    Therefore  the  relarda- 

n  in  a  coil  of  100  turns  would  be  100  times  as  great  as  in  a 

■-.il  of  returns. 

In  a  precisely  similar  manner  the  reaction  of  adjacent  convo- 

..iiions  prevents  the  instantaneous  stoppage  of  a  current ;  for,  at  the 

rocmtnt  of  disconnecting  the  battery  or  other  current -genera  tor, 

lines  of  force  collapse  upon  each  convolution,  and  in  so  doing  ihey 

.     catlhe  other  convolutions  and  generate  a  direct  induced  current 

^^•(udi  will  also  vary  as  the  square  of  the  number  of  turns,  and 

ud  to  prolong,  or  retard  the  disappearance  of,  the  primary  current. 

The  electro- motive  force  resulting  from  this  collapsing  of  the 

*s  of  force  may  be,  and  usually  is,  much  higher  than  that 

•'ch  maintains  the  original  current     For,  supposing  the  battery 
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used  consists  of  ten  Daniell  cells,  then  if  the  poles  are  connected 
by  a  short  piece  of  wire,  no  spark,  or,  at  the  most,  a  very  feeble  one. 
is  observable  when  the  circuit  is  dosed  or  opened  quickly.  If 
this  same  battery  is  made  to  send  a  cuneat  through  a  coil  of 
•  many  turns  of  wire,  allbough  its  resistance  may  be  high  and  cause 
the  cunem  to  be  comparatively  weak,  yet,  on  breaking  the  circuit. 
:,  spark  will  be  observed.  This  is  due  to  the  fact  tliat  the  lines  of 
force  faJl  back  so  quickly  upon  their  respective  convolutions  in 
the  coil,  that  they  cut  the  adjacent  convolutions  with  sufficient 
mpidity  to  generate  a  momentary  e.m.f.  high  enough  [o  produce 
a  current  sufhciently  strong  [o  volatilise  a  portion  of  the  meiaiand 
to  maintain  the  current  across  the  vapour-filled  space  for  a  briif 
interval,  even  after  the  wires  are  moved  asunder.  This  effect  is 
even  more  striking  if  in  a  dark  room  contact  is  broken  betwticn 
a  wire  and  a  mtrcury  surface,  when  a  h'ttle  of  the  mercury  is 
volatilised  ;  and,  since  the  effect  of  iron  placed  in  the  vicinity  a 
lo  increase  the  number  of  lines  of  force  which  are  active,  the 
spark  can  be  increased  enormously  by  placing  a  core  inside  the 
coil. 

The  term  'self-induction' has  been  given  to  this  action,  wluch 
prevents  the  instantaneous  rise  and  fall  of  a  current,  and  it  will 
evident,  from  what  has  been  said,  that,  in  the  case  of  a  sini 
straight  wire,  this  phenomenon  is  almost  imperceptible,  and 
in  order  to  make  the  self-induction  of  any  circuit  a  maximum, 
wire  should  be  wound  into  as  many  convolutions  as  possible, 
be  provided  with  plenty  of  iron. 

In  some  cases  it  is  desired  to  design  electro-magnets  which 
shall  be  afibcted  as  little  as  possible  by  brief,  sudden  fluctuafioiTs 
of  the  magnetising  current     It  is  manifest  that  in  such  a  case  tHe 
electro-  magnetic  inertia— that  is,  the  self-inducrion — must  be 
high  by  using  a  long  and  massive  core  and  a  great  number  of 
of  wire  ;  for,  as  we  have  seen,  self-induction  prevents  a  rapid 
or  fall  of  the  current,  in  just  the  same  way  as  the  '  inertia 
matter  prevents  any  instantaneous  change  in  its  motion.     If; 
the  other  hand,  an  electro- magnet  is  required  to  be  quick-actii 
or  to  be  very  sensitive  to  any  variation  in  the  current,  self  indm 
^should  be  as  low  as  possible,  and,  in  order  to  obtain  this,  the 
'uld  consist  of  as  few  turns  of  wire  as  possible,  and  the 
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ihould  be  very  short,  or  the  turns  of  wire  should  be  confined  to 
hs  end  or  ends. 

The  measurement  of  the  intensity  of  an  electro -magnetic  field 

is,  as  already  mentioned,  a  matter  of  great   practical  difficulty. 

However,  as  the  movement  of  a  wire  in  any  magnetic  field  tends 

lo  set  up  a  current  in  the  wire,  and  as  the  field  may  be  that  of  a 

r-rraanent  magnet,  or  even  that  of  the  earth,  and  since,  also,  the 

.n^lh  of  any  field  is  proportional  to  the  nuirher  of  its  lines  of 

c  per  unit  area,  while  the  current  generaUJ  in  a  wire  is  also 

:i'jnional  to  the  number  of  lines  of  force  cut  by  it,  and  to  the 

uf  cutting,  we  may  compare  the  strength  of  different  fields  by 

'.Tving  the  current  resulting  from  the  cutting  of  them  by  a  wire 

-'  i.<[ual  speeds.     It  is  advantageous  to  wind  the  wire  into  a  small 

tnl,  and  place  it  in  the  field  with  its  plane  perpendicular  to  the 

Erection  of  the  lines  of  force,  and  then  suddenly  turn  it  through 

a  rl;,'ht  angle,  when  its  plane  will  be  parallel  to  the  lines  of  force, 

1  none  will  be  passing  through  the  coil.     The  E.M.f.  resuhing 

.1  be  proportional  to  the  number  of  convolutions,  the  strength 

:  "dd  and  the  area  of  the  coil  (that  is,  to  the  number  of  lines  of 

:■  u  passing  through  the  coil),  and  to  the  speed  with  which  the 

■-s  are  removed.    Special  galvanometers  are  constructed  to  give 

v.iluesof  such  sudden  momentary  currents,  by  comparing  which 

ihc  strengths  of  the  various  fields  can  be  measured. 
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CHAPTER  VIII 

D^TJAMO-EI.F.CTRIC  MACHINES  (ALTERNATE  CyRBEM). 

In  the  preceding  chapters  we  have  dealt  with  some  of  the  princ 
bws  of  electric  currents,  and  the  most  striking  phenonn 
nected  with  them.  The  student  wil!  not  have  failed  t 
two  important  facts  :  (i)  That  when  a  wire  through  whichai 
rent  is  passing  is  placed  in  a  certain  position  in  any  electro-ti 
netic  field,  it  has  impressed  upon  it  a  definite  mechanical  fii 
tending  to  move  it  into  another  part  or  out  of  the  field ; ; 
(a)  when  a  conductor  is  mechanically  moved  in  a  ficid  t 
versely  to  the  lines  of  force  traversing  that  field,  a  ceiia 
motive  force  is  determined,  which  sets  up  a  current  in 
its  two  ends  are  connected.  Extensive  use  is  made  of  both  d 
effects  in  practice,  and  on  a  very  large  scale.  Machines  w 
constructed  to  transform  energy  which  exists  in  the  form  of  els 
currents  into  energy  in  the  form  of  mechanical  motion,  and,  < 
versely,  machines  which  are  ahie  to  transform  eneifj'  in  ihe  I 
of  mechanical  motion  into  energy  in  the  form  of  electric  ciir 
can  be  included  under  the  generic  head  of  'dynamo-el 
machinery.' 

We  shall  first  consider  machines  of  the  latter  class,  which 
commonly  known  by  the  shorter  name  of  '  dynamos,'  defenil 
consideration  of  the  otlier  class  until  an  opportunity  oRert 
dealing  with  such  apparatus  under  the  head  of '  motors,' 

In  every  machine  for  the  conversion  of  energy,  there  is  ill 
a  certain  amount  of  loss  attending  the  conversion  ;  in  olherwt 
less  energy  appears  in  the  new  than  existed  in  the  orij 
The  more  perfect  the  machine,  the  less  does  this  loss  becomf 
tliat  a  theoretically  perfect  machine  would  be  one  in  which  i 
f  actually  no  loss  at  all.     It  is  absolutely  impossible  to  ck 
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luch  a  machine,  but  in  ever>-  case  the  chief  aim  of  the  engineer 

sliould  be  to  make  the  toss  as  small  as  possible,  or  to  make  the 

machine  as  'efficient'  as  possible.     The  proper  way  of  doing  this 

i!  lo  start  with  ihe  fact  established  in  accordance  with  the  doctrine 

of  the  'conservation  of  energy,'  that  energy  can  never  pass  out  of 

rxisience  or  be  destroyed  ;  that,  therefore,  (he  whole  of  the  energy 

"■^^  into  the  machine  reappears  in  some  shape  or  form,  although 

\-  a  part  appears  in  the  exact  state  in  which  it  is  desired.   Steps 

■'■■i\'\  then  be  taken  to  ascertain  exactly  what  form  the  other  part 

.'-^  and  the  designer  of  the  machine  should  study  how  lo  reduce 

u  same  part,  which  may  be  called  'waste,'  to  a  minimum.     In 

machines  which  have  moWng  pans,  a  certain  percenl.nge  of  the 

r-y  takes  ihe  form  of  heat,  due  to  friction  at  the  Ix-atings  and 

-T  surflices  which   come   into  contact.      Ti'cry  dyn.nmo   h.is 

■  ■'.  iiig  parts,  and  is  therefore  subject  to  loss  from  this  cause,  and 

■  >vell-known  methods  of  reducing  friction  by  good  workmanship 
■:  design,  and  by  the  Judicious  use  of  oil  or  other  lubricant,  are 
-  n  advantage  of  to  minimise  the  loss.  But  there  are  many 
i^r  causes  besides  mechanical  friction  which  operate  to  reduce 

efficiency  of  a  dynamo  ;  they  are  mainly  due  to  electro-mag- 
:■  phenomena,  and  careful  study  is  required  in  discovering  how 
Lliminale  or  minimise  them,  although  in  some  instances  the 
I  •  may  be  readily  localised,  because,  like  friction,  these  pheno- 
Liena  convert  a  certain  amount  of  the  original  energy  of  mechanical 
notion  into  heat.  One  of  the  principal  features,  then,  by  which  a 
lynamo  is  judged  is  its  efficiency,  or  by  the  ratio  of  the  enct^jy 
t-sppearing  as  electric  currents  to  the  total  amount  given  mecha- 
licfllly  to  the  machine. 

Wc  will  start  with  the  consideration  of  (he  simplest  tj'pe  of 
ij'nanio-ciectric  machine,  and,  observing  its  weak  points,  endeavour 
Id  trace  its  dci'clopmcnt  into  a  practical  and  highly  efficient  piece 
of  apparatus. 

Now,  it  is  only  during  the  time  that  the  lines  of  force  of  a  field 
»fe  being  cut  by  a  conductor  that  an  e.m.f.  is  induced  in  that 
conductor ;  therefore,  in  order  to  obtain  a  continuous  current,  or 
'  very  rapid  succession  of  currents,  it  is  evident  that  either  the 
conductor  or  the  field  must  be  kept  continually  in  motion.  Let 
!■  fim  study  the  case  of  a  fixed  field  and  a  moving  wire,  assuming, 


233  Eitttrual  Engineering 

tar  tbe  mocnait,  tbat  we  have  a  strong  and  fairly  UBifomi 

produced  bjr  the  t^posite  poles  of  two  large  pertnanenl  bar-m:^ 

{iaccd  aaa  lo  each  other,  or  by  any  other  convenient  means. 

I  fidd  \aa  been  already  defined  to  be  one  in  which : 
f  force  are  straight,  parallel,  and  equidistant     It  is  noi 

'  n  a  strong  uniform  field  of  any  great  extent,  so  thni  1 
t  convenient  way  of  continually  cutting  lines  of  force  is 
ciuse  the  conductoir  to  move  in  a  circular  path, 
of  a  powerful  field  of  comparatively  small  area.  For  instanMj 
the  wire  is  ben"  into  a  single  rectangular  coil,  as  shoivn  in  fig.  ri 


it  may  be  placed  in  the  field  with  its  plane  at  right  angles  toi 

direction  of  the  lines  of  force,  so  that  as  many  as  possil  je  of  di 

lines  are  made  to  pass  through  it.     If,  now,  this  coil  is  tui 

suddenly  through  an  angle  of  90°  about  the  axis  a  b,  its  pbnc 

parallel  to  the  lines  of  force,  and  it  is  obvious  that  none  of  (1 

now  pass  through  the  coil.     In  the  act  of  turning,  both  the 

and  the  bottom  limbs,  ed  and  ef^  cut  a  certain  number  of  li 

setting  up  thereby  an  electro -motive  force  in  the  wire;  bu 

these  two  horizontal   limbs  of  the  rectangle  cut  the  lines  i 

opposite  sides,  the  direction  of  the  resulting  currents  in 

opposite.     In  the  lower  limb,  tf,  the  direction  is  from  froa 

back,  and  in  the  upper  one,  ci/,  from  back  to  front.    Both  cum 

therefore,  pass  round  the  coil  in  the  same  direction.    The 

I  limbs  of  the  rectangle— that  is,  ce  and  rf/— simply  slide,  or 

b  through  the  lines  of  force,  and  do  not  cut  them  ;  they,  therd 

I  have  no  current  induced  in  them,  and,  while  adding  to  the 

l^     ance  of  the  loop,  are  useless,  except  for  the  purpose  of  comply 

^^k  (he  electrical  circuit.     The  student  may  now,  with  advafl 
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in  read  the  paragraph  in  Chapter  IV,  which  indicates  how  the 
«tion  of  an  induced  current  can  in  every  case  be  predicted, 
the  present  case  the  lines  of  force  go  from  left  to  right,  and  tlie 
nber  cut  by  each  limb,  so  far,  is  half  the  total  number  originally 
sing  through  the  rectangle. 

When  the  rectangle  is  turned  through  another  90°,  so  that  the 
lb  which  was  at  first  uppermost  is  now  at  the  bottom,  it  has  the 
.limum  number  of  lines  of  force  suddenly  thrust  through  it 
lin ;  another  induced  current  is  the  result,  and  as,  during  the 
ivement,  both  the  horizontal  limbs  cut  the  lines  from  the  same 
,eas  they  did  in  the  first  movement^that  is  to  say,  one  limb 
II  cuts  downwards  and  the  other  still  cuts  upwards — the  direc- 
n  of  the  current  is  the  same  as  that  developed  during  the  first 
arter  of  a  revolution.  Further,  as  the  number  of  hnes  of  force 
1  is  in  each  case  the  same,  the  induced  e.m.f,  is  also  the  same, 
jvided  the  rales  of  moving  are  equal. 

If,  therefore,  the  rectangle  is  rapidly  turned  at  one  sweep  from 

original  position  in  fig.  117  through  180°,  a  current  will  be 
iuced,  in  the  direction  shown  by  the  arrows,  during  the  whole 
that  movement.  If  the  rotation  is  continued,  on  passing  the  180° 
:  horizontal  limbs  again  begin  to  cut  the  lines  of  force,  but  they 
m  cut  them  from  their  opposite  sides,  or  in  the  opposite  direc- 
ti  to  that  during  the  first  half  revolution.  The  resulting  current 
therefore  in  the  opposite  direction  to  the  previous  one,  but  of 
icisely  the  same  strength  if  the  motion  is  uniform.  A  con- 
uous  rapid  rotation  of  the  rectangle  then,  will  give  rise  to  a 
ies  of  currents  alternating  in  direction,  two  distinct  currents 
ng  generated  during  each  complete  revolution,  the  reversal 
ing  place  every  time  the  rectangle  passes  the  points  at  which 
plane  is  at  right  angles  to  the  lines  of  force. 

Supposing  both  the  field  and  the  stieed  of  rotation  to  be 
iform,  the  question  arises  whether  the  E.nt.r.  is  also  uniform 
ring,  say,  the  whole  time  of  a  half  revolution.  As  the  induced 
iLF,  is  proportional  to  the  rate  at  which  the  lines  of  force  are 
t,  it  is  only  necessary,  in  order  to  decide  this  question,  to  ascer- 
n  whether  the  rate  of  cutting  is,  under  the  circumstances,  also 
iform.  A  little  reflection  will  show  that  just  when  the  rectangle 
jins  to  move  from  its  position  in  fig.  117  it  is  <7////n^  hardly 
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field  is  uniform,  the  coil  cuts  a  miicli  gre:itcr  number  of  lines 
force  by  moving  through  30'  when  its  plane  is  nearly  parallel  to 
!  direction  of  tlie  lines  than  it  does  by  moving  through  an  equnl 
gle  while  it  is  nearly  perpendicular  to  them.     But  as  the  speed 

rotation  is  uniform,  it  takes  precisely  tlie  same  time  to  pass 
rough  these  equal  angles,  thcrefure  the  rate  of  cutting,  and 
Tiseijuenlly  the  E.M.F.,  must  be  much  greater  in  the  former  than 

the  latter  case.  In  fact,  the  rate  at  any  moment  is  proportional 
■lhe««<of  the  angle  through  which  the  coil  has  then  moved 
Dm  the  vertical  position. 

We  have  defined  a  magnetic  field  of  unit  strength  to  be  one 
iving  one  c.c.s.  line  of  force  per  square  centimetre,  and  if  a 
inductor  one  centimetre  in  length  is  moved  transversely  through 
lis  field  at  a  velocity  of  one  centimetre  per  second,  it  will  cut  one 
ne  of  force  per  second,  and  thereby  develop  one  c.c.s.  unit  of 
^■tm-motive  force.  If  either  the  strength  of  field,  the  velocity, 
r  the  length  of  wire  be  doubled,  the  resulting  E.m.f.  will  iic 
lublcd,  the  number  of  lines  cut  per  second  being  increased  two- 
■Id  If  we  simply  know  the  number  of  lines  of  force  cut  per 
cond,  the  E.M.F.  can  be  calculated  without  any  consideration  as 

the  length  of  conductor  or  strength  of  field.  If  the  field  is 
A  uniform,  however,  or  if  the  wire  moves  at  a  varj-ing  speed,  the 
le  of  cutting,  and  therefore  the  e.m.f.,  will  fluctuate.  But  the 
rra^t  of  this  fluctuating  E.M.K.  will  be  equal  to  the  average  rale 
Liiiting,  that  is  to  say,  it  can  be  found  by  dividing  the  whole 
ruber  of  lines  cut  by  a  conductor,  by  the  time  in  seconds 
:|'ied  in  the  cutting.  If,  therefore,  the  rectangle  in  fig.  117 
■-  one  revolution  per  second,  and  the  maximum  number  of 
.  ■  of  force  embraced  by  it  in  tlic  ^ero  position  is  denoted  by  N, 
:ii  each  limb  will  cut  2  N  lines  per  second,  because  it  cuts  the 
pie  number  N  during  the  downward  sweep,  and  again  during 
\  upward  movement.  Consequently  each  limb  develops  an 
;rage  E.m.f.  of  a  n  c.g.s.  units,  and  as  both  limbs  are  connected 

■  nes  the  total  E.M.F.  becomes  4  n  units.  Further,  if  the  rect- 
. '  makes  n  revolutions  per  second  instead  of  only  one,  then  n 
\:-i  as  many  lines  will  be  cut  per  second,  and  the  average  e.m.f, 
1  be  4  N  n  units.  But  since  the  c.c.s,  unit  of  electro -motive 
be  is  so  very  small,  a  much  greater  practical  unit,  called  the 
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voll,  equal  to  100,000,000  cc.s.  units,  i- 
obtained  in  c.g.s.  measure  must,  therefore,  be  divided 
number  to  give  the  value  in  volts,  and  the  simple  eqU3t 
be  written, 


average  e.u.p.  : 


100,000.000 


:JI 


It  may  be  mentioned  that  the  value  of  n  is,  ii 
very  high,  being,  as  a  rule,  several  millions.  In  practice, 
average  e.m.f.  which  concerns  us  most,  but  we  may  obs 
if  the  rectangle  were  rotated  at  a  constant  speed  in  a 
field,  the  actual  E.M.F.  being  developed  at  any  moment 
had  moved  through  an  angle  a  from  the  zero  position  wc 

E  =  '"'""'"-volts. 


The  above  refers  to  the  case  of  two  active  wires,  fonninf 

a  rectangle  and  joined  up  in  series  in  such  a  mannei 
E.M.F.  of  one  is  added  to  that  of  the  other.  The  lesulti 
is  twice  that  developed  by  one  active  limb  ;  and  if  the 
wound  in  a  number  of  convolutions,  it  would  be  net 
multiply  by  the  number  of  active  limbs  [hen  joined  in  serie 
of  by  2,  as  in  the  present  case)  to  obtain  the  total  cm.f. 
The  function  above  referred  to  as  the  'sine^'  is  one  w 


the  student  will  frequt 
il  will  now  be  as  well 
of  an  angle.    Ifii^| 

ntly  come  in  contact. 
0  explain  briefly  what 
^  the  two  straight  Hne 

Perhaps 
s  meant  b)i 
s  which  CM 

angle,  such  as  ^^^k 
italinaBsisdM 
triangle,  E  x  )^^^| 

^19,  any  point,  says 
^^Uicular  toJI^|^ 

,  is  taken, « 
line,  n  righ 
i  \ieriitinilc 

divided  by  t^^^H 

^ 

HflmSor, 


Sine  Curvt 
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tor,  as  will  be  the  case  if  it  fonns  tbe  radius 
Kiual  circles,  as  e  x  and  a,  x,  and  let  it  be  equal  to 
sine  is  simply  measured  by  the  numerator  e  R  or 
the  length  of  llie  perpendicular.  When  the  angle 
nail,  the  perpendicular,  and  therefore  the  value  of 
ecomes  very  small  ;  in  the  case  of  the  imaginary 
erpendicular  disappears,  the  sine  of  o"  being  o. 
le  is  go"  the  perpendicular  coincides  with  and  is 
litis.  The  sine  of  90'  is  therefore  i,  and  this  is  ibc 
s  value  of  the  sine.  It  decreases  as  the  angle 
s,  until,  at  180°,  its  value  is  again  o.  From  here  it 
i^ative,  the  sine  of  270  being  —  r.  By  referring 
as  that  on  p.  9S  the  value  of  the  sine  of  any  angle 
found,  and  we  can,  therefore,  calculate  the  relative 
t.F.  at  any  position  of  the  rectangle,  and  also  show 
how  the  E.M.F.  should  rise  and  fjll  in  a  perfectly 

he  portion  a  f  of  the  horizontal  line  a  b  represents 
L-ned  out,  each  of  the  four  equal  parts  into  which  it 


1  being  equiri 


i  90",  that  is,  a  quarter  of  a 
this  tine  a  f  might  be  suli- 
0  degrees,  and  any  point 
»Uie  position  of  the  rcn- 
ingle  from  rero.   Now 
s  proportional  to  the 
en  turned  from  zero; 
gihis  line.anA 
Jional  in  \eu^O:v  Vo 


Duqg  Amt  itJt  at  ihe  itiufatiun  io  which  the  sines  are  reckood 
~  '  i  Aaald  he  dn«ii  below  ihe  hue,- 
I  at  the  E.M.F.  and  cunent.  F« 
HtsKz^  X  90^  Ae  flBK  wiQ  hare  the  greatest  value,  nz. 
«hfc  jt  45*  ike  popmAcnlar  viD  be  only  0707  of  that  at  ^*f 
be^nae  dv  aiae  of  45*  is  0-707  ;  at  270°  the  sine  is  -  i.aril 
Aodne  iW  pop^riknltt  equal  ia  lo^th  to  unity  b  diawn  bcloi 

t  of  these  perpendiculars  we  obuid 
1  «s  a  siae  canrc;  which  at  a  glance  indicates  it 
■A  the  LILT,  rises  and  £ills  during  one  complc 
B  of  a  SBipte  coo ;  and  die  whole  of  the  curve  &om  ji  I 
D  of  die  E.U.W.  during  two  revolutions. 
Ifn  %.  119,  EX  B  taken  as  unity,  it  may  represent  the  titigl 
al  ciMm,  dK  Iqgbest  poius  00  the  sine  curv^  and  then  to  m 
be  At  leagdt  cl  the  peipendicslar  representing  the  eledra-motit 
tece  at  60*,  far  BC  is  the  sine  of  the  angle  E  x  c,  which  is  ll>e 
aofjie  (60*)  ttinia^  wfaidi  the  coQ  has  turned  from  die  veftid 
poridon.  Similariy,  a,c  (ftg.  118)  will  represent  the  E.U.P.  dfr 
vdoped  wben  the  coil  ias  turned  thiougb  30%  for  a,  c  is  the  noe 
of  that  angles 

The  canre  (fig.  lao)  shows  that  the  E.H.F.  at  90°  is  equal 
dtat  at  >7o°,  but  that  it  is  positive  in  the  one  case  and  negadktln 
dieodKr. 

Referring  again  to  figs.  itS  and  119,  we  observe  that  Utt. 
'effecdvearea'of  the  coil,  with  respect  to  the  lines  of  force  wlii" 
•t  embraces  in  the  position  a,  Bi,  is  proportional  to  a,  l,  and 
the  position  e  f  to  E  k— thj.t  is,  a,  l  and  e  k  are  proportional 
the  number  of  lines  of  force  passing  through  the  coil  in  the  t 
positions.     Now,  ~i —  is  the  cosine  of  the  angle  through  vthi 

the  coil  has  already  rotated,  for  the  angles  Aj  xa  and  pAjX. 
equal,  or  it  is  the  sine  of  the  angle  which  the  coil  makes  with 
direction  of  the  lines  of  force  :  as  is  also  5^    Takinir,  fiw  s 

EF  ™ 

plicity,  the  equal  lengths  a,  b,  and  e  f  as  unity,  we  see  that 
"   iiibcr  of  liiies  of  force  passing  through  the  coU  in  any 
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K  uniform  field  is  proportioniil  to  the  cosine  of  the  angle  through 
lich  it  has  been  turned  from  its  position  at  right  angles  to  those 
ind  also  to  the  sine  of  the  angle  which  it  makes  with  the 
s  of  force. 

variable  alternating  currents,  depicted  in  fig.  lao,  being 

IS  developed  by  the  rotation  of  the  wire  rectangle,  some  device 

hiKquircd  to  enable  us  to  lead  them  away  to  an  externa!  circuit 

d  there  make  use  of  them.     The  rectangle  might,  for  this  pur- 

^  be  mounted  on  a  wooden  spindle  (fig.  121),  and  its  ends 


Clings.   By  attaching  wires  to  thesecontact  brushes  the  currents 
nbe  conducted  away  to  any  desired  point. 

It  remains  now  to  show  to  what  extent,  in  practice,  we  can 

tnply  with  the  conditions  which  theory  teaches  us  will  tend  to 

ike  the  E.M,F.  high. 

For  a  small  machine,  permanent  magnets  may  be  used  to 

pply  the  field,  and  for  this  purpose  a  horse-shoe  magnet  is  found 

e  very  convenient,  but  it  should  he  bored  out  or  fitted  with 

an  cheeks,  of  such  a  shape  that  there  is  just  sufficient  room 

e  wire  coil  to  rotate  between  them.     The  steel  should  be 

<f  magnetised,  and,  if  of  considerable  size,  it  should  bu 

lated,  or  buih  up,  of  a  number  of  thin   magnets  with  their 

oles  adjacent.     A  circular  magnet  (fig.  122),  divided  at  one 

if  the  circle,  and  with  just  sufficient  space  bored  out  for  the 

0  rotate,  is  better  than  one  of  the  ordinary  horse-shoe  pattern, 

jugh  not  so  easy  to  make.     Having  obtained  the  magnetic 

c  next  thing  is  to  get  as  many  as  possible  of  the  lines  of 

t  pass  through  the  coil  of  wire.     Iron  here  comes  to  our 

e  more,  for,  by  winding  the  rectangle  round  a  core 
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of  purt  soft  iron,  vre  concentrate  those  lines  which  would  oihemTj 
stray,  and  the  Dumber  passing  ihiongh  the  wire  is  greatly  increase! 
It  is  ahnost  superfluous  to  add  that  the  actual  area  of  the  rectan^ 
should  be  as  great  as  possible,  provided  that  it  is  kept  wiihii 
timits  of  the  fidd,  and  since,  as  we  have  seen,  the  induced  e 
ii  proportional  to  the  number  of  actirc  conductors  joined  in  w 
the  wire  may  be  wound  into  a  coil  consisting  of  a  number  of  [un 
1,^  ,j^  instead  of  only  one.     Now,  a  o 

in  which  currents  are  induced  b 
its  movement   within   a  magncii 
5cld  is  generally  called  an  ' 
c'     The    core    of    one    of  th( 
\  earliest  forms  of  armature  is  shown 
1  section  at  a,  between  the  poles 
f  of  the  circular  magnet  F,  in  fig.  \i: 
and  although,  when  criticised  in  tti 
light  of  our  present  knowledge,  dl 
design  proves  to  be  very  fault)',  i 
will  serve  very  well  to  illustrate  tW 
'^  principle.    A  view  of  this  ai 

is  also  shown  in  fig.  113.  It  consists  of  a  considerable  length  0 
silk-  or  cotton -covered  copper  wire,  wound  in  the  grooves  ofl 
shuttle-shaped  piece  of  soft  iron,  a  b,  which  is  usually  about  twie 
as  long  as  its  greatest  width.  It  is  provided  at  one  end  with 
driving-pulley,  /,  and  at  the  other  end  by  a  device  for  common 


t 


eating  the  current  to  the  external  circuit.  Good  effects  can 
obtained  by  rotating  such  an  armature  in  a  strong  field-  1 
speed  of  rotation  must  be  high,  but  this  can  readily  be  obiair 
by  any  mechanical  multiplying  device,  such  as  a  pulley  of  Ui 
leter  driving  a  smaller  one  on  the  armature  spindle.  Althot 
E.M.P.  increases  with  the  number  of  turns  of  wire  on  the  am 
:,  it  is  found  that  this  increase  is  not  by  any  means  proportioi 
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In  the  case  in  question,  the  best  method  is  to  'Umiiute '  ihc 
armature,  or  to  build  it  up  with  a  number  of  small  discscut  lo  llie 
TL-quircd  shape  and  bolted  (ogelher,  instead  of  using  a  solid  pieic 
of  iron,  The  iron  must  be  continuous  in  the  direction  in  whkh 
the  lilies  of  force  have  lo  pass  through  it,  otherwise  the  effican  of 
its  action  in  concentrating  these  lines  would  be  seriously  impaiti.'d, 
while  it  must  be  discontinuous  in  the  direction  in  which  the  eddy 
currents  tend  to  flow,  viz.  at  right  angles  to  the  lines  of  force.  To 
meet  these  requirements  the  discs  threaded  on  the  spindle  nwsi 
be  well  insulated  one  from  another,  although,  on  account  of  iht 
low  E.M.F,,  a  sheet  of  thin  paper  or  a  layer  of  varnish  is,  as  a  rule, 
suflScient.  It  is  hardly  necessary  to  adopt  this  precaution  in  ihc 
kind  of  machine  we  have  been  considering,  which  is  very  wmII, 
and  only  made  to  be  driven  by  hand-power,  but  it  becomes  al 
lutely  necessary,  as  well  as  economical,  in  the  larger  u 
driven  by  steam-power.  At  first  sight  it  would  apptear,  remen 
ing  that  the  E.M.F.  developed  in  the  armature  coil  varies  is  A 
rate  at  which  the  lines  of  force  are  cut,  that  the  e.m.f.  of  a  in 
ncto-electric  machine  should  be  simply  proportional  to  the  s] 
of  rotation,  the  strength  of  the  field  being  invariable.  Bui  it 
are  several  causes  which  tend  to  prevent  the  increase  of  thefclU 
developed  by  the  augmentation  of  speed  attaining  this  p 
the  principal  being  the  eddy  currents  produced  in  the  core,« 
electro-magnetic  reaction  of  the  current  in  the  amiature  upon  ll 
field  produced  by  the  field-magnets,  and  the  self-induction  of  iliefl 
annaturc.  It  is  important  to  notice  that  when  a  current  is  floK 
round  the  armature  coil  the  whole  armature  is  in  reality  an  eled 
magnet,  and  it  acts  as  such  upon  the  poles  of  the  [ 
horse-shoe  magnet  whicli  supplies  the  field,  this  reaction,  u  I 
every  similar  case,  tending  to  stop  the  motion  of  the  & 
If,  however,  the  armature  is  forcibly  rotated  against  this  tend 
the  result  is  that  the  magnetic  field  is  distorted  and  d 
what  out  of  its  true  position,  and,  as  the  current  in  the  amulw 
rapidly  alternates  from  zero  to  a  matimum,  this  dm^'ng  ef 
will  also  vary  considerably,  with  liie  result  that  the  field  mill] 
kept  in  a  state  of  oscillation  and  its  uniformity  destroyed 
maMimuni  current  in  the  armature  becomes  higher  as  the  speeiil 
increased,  and  the  distortion  of  the  field  is  then  greater,  the  rs 
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.'-.  tendency  to  prevent  the  E-M.f.  rising  in  proportion  to  Ih* 
Furthermore,  as  the  iron  core  has  a  greater  number  erf 
if  force  passing  through  ii  when  the  current  increases,  its 
>jiliiy  may  also  become  appreciably  lower. 
Mdes  the  waste  due  to  eddy  currents,  which  increases  very 

« iih  ihe  f  peed,  the  effect  of  the  self-induction  of  the  arma- 
-0  becomes  strongly  marked,  this  latter  not  only  preventing 

high  E.M.F.  being  attained,  but,  in  addition,  retarding  thi,- 
:  i  (all  of  the  current     In  fact,  were  we  able  to  plot  a  curve 

,-  the  rise  and  fall  of  a  current  in  this  shuttle  armature,  we 
\  ilnd  it  somewhat  similar  to  that  given  in  fig.  iso,  but  with 
l-'irtam  diRcrence  that  it  would  be  shifted  more  or  less  10 
j'li.  its  maxima  and  minima  being  less  in  value  and  occurring 
Sin  would  be  the  case  if  the  armature  had  little  or  no  setf- 
iiin.  Owing  to  the  fact  that  it  is  not  possible  to  construe! 
i.cal  armature  witb  as  liitte  self-induction  as  the  simple 
:!■:,  or  to  make  its  active  limbs  cut  the  lines  of  force  of  a 
.1  field  in  such  a  regular  manner  as  is  done  by  our  e.vpcri- 
'  rectangle,  we  do  not  in  practice  obimn  a  perfect  sine  curve 

•  uive  of  potentials  of  any  armature,  but  only  an  approxima- 

.  ih»ll  presently  be  better  able  to  consider  the  reaction  on 
lij  in  connection  with  a  different  type  of  armature,  but  we 
1  tc  remark  that  it  is  one  of  the  most  important  points  to  be 
ii!  mind  in  deciding  how  a  more  powerful  and  efficient 
■i.f  can  be  obtained-  Now,  the  electro-motive  force  may  be 
d  in  iscveral  ways. 

.i>Lng  the  speed  of  rotation. 

ng  the  number  of  turns  of  wire  in  the  artnatnre, 
:he  number  of  active  limbs  joined  in  series,  whkfc 
Jure*.  This  method,  as  already  pointed  out,  adds 
■  rt'sistancc,  bui  alMja,die  self-induction  of  the 
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ot  45',  ho«{.-vcr,  tin-  keeper  coDi;ilt.-ies  the  vnrious  nugnetic  t 
evils  in  such  a  nunner  that  most  of  the  lines  of  force  eitei 
rouiul  both  coils.  These  two  alttinate  comliiions  succeed  0 
another  rapidly  as  the  keeper  continuously  revolves.  As  the  Iuk 
of  force  are  nifH'dly  carried  backward  and  forward  past  the  in 
tare  coil,  Ihey  generate  therein  the  desired  currents,  but  the;  J 
give  rise  to  eddy  currents  in  the  tna&$i;s  of  iron  through  v.h 


Saliim  lAnuxH  CD. 


Si^lsm  Ikrimgi  A  S. 


B      such 


they  are  projected.  The  direction  in  which  these  eddy  ci 
vould  be  set  up  is  parallel  to  tlie  currents  in  the  armature  tor^ 
and  therefore  the  masses  of  iron  should  be  laminated  so  as  lo  £1*1 
discontinuity  in  this  direction,  while  continuity  is  retained  in  li* 
path  of  the  lines  of  force.  Consequently  the  iron  is  built  uprf) 
number  of  tliin  U-shaped  sheets,  insulated  and  bolted  logelhei. 

Machines  in  which  siecl  magnets  are  employed  for  (irodiioH 
the  field  are  often  called  magneto -electric  generators,  and  il 
sometimes  regarded  as  a  class  altogether  distinct  from  machiiwsl 
which  the  field  is  developed  by  one  or  more  electro- magnets,  bi 
such  a  distinction  is  altogether  arbitrary. 

The  best  and  most  useful  fonn  of  so-called  magneto  dyram 


ttof  De  Merilens,  wliich  is  extensively  employed  for  lighthouse 
OSes,  A  general  view  of  a  simple  form  of  this  machine  is 
Ti  in  fig.  130. 

The  armature  consists  of  a  series  of  sixteen  coils  fixed  round 
leriphery  of  a  wheel  of  brass  or  other  non-magnetic  mateiioL 


«thod  of  cu.ij;i>,k,L,.ia  aiid  lixing  ihi;  cuils  is  siiuuii  in  fig. 
,  one  coil  and  a  portion  of  the  rim  of  the  wheel  being  in 
ion,  A  flat  core  of  soft  iron  (composed  in  the  more  recently 
t  machines  of  eighty  pieces  of  soft  sheet  iron  one  millimetre 
k  and  stamped  out  to  shape)  is  provided  with  rather  large 
;-pieces,  and  has  wound  over  it  about  1^  pounds  of  copper 
^  Each  coil  is  distinct  from  the  others,  the  cores  of  two 
iccnt  coils  being  magnetically  insulated  (at  x  v,  fig.  13a)  by 
lin  strip  of  copper.    The  wheel  or  frame  to  which  the  coils 
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causes  many  of  the  lines  of  force  at  one  moment  to  era 
armature  and  field  coils,  and  at  the  next  moment  to 
the  field  coil  only  ;  and  as,  during  their  movement 
position  to  the  other,  they  cut  the  armature  coil  ti 
alternating  currents  are  induced  in  that  coil. 
I  The  principle  may  lie  more  easily  grasped  by  a  consi 

^^^■Sie  arrangement  illustrated  in  5g.  127,  in  which  p  F  she 

r 


opposite  extremities  of 
and  A  A  show  sectioi 
two  similar  points  of  ih 


embraces  both  the  art 
field  coils,  while  h  i 
equal  in  cross-section 
shorter  limbs,  which  en 
field  coil  only,  the  art 
being  placed  outside 
p  is  a  keeper  carried  b; 
s,  which  can  be  natau 
the  shaft  beint;  al  the 
the  two  circular  coils,  v 
If  a  powerful  currei 
through  the  field  coil  1 
number  of  lines  of  foi 
developed,  and  their  ar 
will  largely  depend  upc 
pieces,  h  and  b,  but  t 
cially  upon  the  positi 
A  keeper  p  whh  respect  t 

When  P  is  situated  as  shown  in  the  figure  it  form; 
almost  complete  magnetic  circuit  of  low  permeability  r 
coils  A  and  f,  and  nearly  the  whole  of  the  lines  general 
field  coil  jp  the  vicinity  will  embrace  the  armature.  Iti 
into  this  position  (shown  by  the  dotted  line),  the  lin< 
amiature  coil  transversely  from  the  inner  side,  and  gi>" 
current,  depending  in  e,m.F.  upon  the  number  of  line 
rapidity  with  which  their  position  Is  changed.     When  1 


wed  away  there  is  a  considerable  air  gap,  oflering  a  high  mag- 
:  resistance  at  the  ends  of  the  limbs  of  b,  and  consequently 
.y  of  the  lines  of  force  collapse  upon  the  coil  v,  cutting  the 
ature  from  the  outside  and  generating  an  e.m.f.  in  the  opposite 
ciion.  Not  only  is  the  magnetic  resistance  of  the  path  round  the 
coils  made  greater,  but  as  p  rotates  it  reaches  a  position  where  it 

as  a  keeper  to  the  iron  piece  h,  which  embraces  the  field  coil 
r,  so  that  an  almost  complete  magnetic  circuit  is  then  formed 
id  the  field  coil,  and  nearly  the  whole  of  the  lines  of  force  pass 
High  H  and  p  and  very  few  extend  round  a.  Therefore,  if  the 
XI  p  is  rapidly  rotated  the  armature  coil  will  be  cut  by  a 
ibcr  of  lines  of  force  as  they  take  up  new  positions,  first  out- 

and  then  inside  it.  It  is  evident,  however,  that  it  would  not 
JOssible  to  make  all  the  lines  of  force  developed  by  the  field 

take  either  the  one  path  or  the  other,  many  of  (hose  surround- 
the  coil  at  a  distance  from  the  iron  being  but  little  affected  by 
movement  of  the  keeper,  but  in  designing  an  actual  machine 

would  be  taken  to  so  dispose  the  iron  that  most  of  the  lines 
>rce  would  be  influenced. 

En  Mr.  Mordey's  machine  there  are  four  iron  pieces  similar  to 
mbracing  both  armature  and  field  coils,  placed  90°  from  each 
T  as  shown  in  fig.  i  z8.  Between  these  are  placed  four  shorter 
es  similar  to  h,  outside  the  field  but  inside  the  armature  wire. 
The  lower  half  of  fig.  128  is  shown  in  section  ;  fig.  129  is  also 
iCCtion,  the  upper  half  from  a  to  the  centre  of  the  shaft,  and 

lower  half  from  the  centre  of  the  shaft  to  b,  so  as  to  obtain  a 
ion  through  a  short  and  a  long  iron  limb.  The  mass  of  cast- 
1  which  plays  the  part  of  a  keeper  may  be  described  as  a 
nder  having  four  deep  sector-shaped  notches  cut  at  each  end, 
■ar  one  extremity  would  be  in  the 
)n  through  the  middle  would  be 
m  of  the  cross  is  shown  as  forming 
»[>er  to  one  of  the  smaller  iron  pieces  embracing  the  inner  or 
i  coil  only,  and  consecjuently  few  of  the  lines  developed  by  the 
i  coil  extend  round  the  armature  coil.     In  the  lower  part  of 

lag  the  deep  notches  are  opposite  the  iron  pieces  which 
e  both  coils,  forming  a  great  break  in  the  magnetic  circuit, 
1 18  also  shown  in  fig.  1 28.     On  rotating  through  an  angle 


riewed  end-on,  a  section  1 
n  of  a  cross,  while  a  seel 
ular.    In  the  figures  each  a 
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current  in  ihe  external  circuit.  The  whole  of  the  coils  in  Gg 
130  being  joined  together  in  series,  the  total  e.m.f.  developed  ii 
^ixtccn  limes  ihat  developed  in  one  of  the  coils-  In  the  ilcw 
recent  form  of  this  machine  there  are  five  armature  rings,  cadi 
with  its  sixteen  coils  and  eight  compound  magnets.  The  laiKr 
arc,  for  very  apparent  mechanical  reasons,  fixed  radially  inslead 
of  longitudinally,  and  they  liave  a  total  weight  of  about  om 
The  uighty  coils  are  divided  into  two  circuits  which  are  hrouglit  to 
four  collecting  rings  mounted  in  pairs  on  an  insulating  busb  itiA 
on  the  principal  shaft  of  the  machine  and,  therefore,  revolving  wiii 
it.  This  type  is  almost  exclusively  employed  for  lighthouse  pur- 
poses, and  its  e.m.f.  varies  almost  directly  with  the  speed  of  rota- 
tion. It  is  unusually  strong  in  design,  the  parts  being  a!so  ^•A 
together  in  such  a  manner  as  to  permit  of  theii  being,  whea 
defective  or  injured,  very  easily  removed  for  renewal  or  re|air. 

It  lias  been  pointed  out  that  the  best  means  available  (01 
increasing  theE.M.F.  and  therefore,  also,  the  strength  of  the  currcni 
yielded  by  a  machine,  is  to  increase  the  strength  of  the  field- 
Now  (here  is  a  limit,  which  is  soon  reached,  to  the  Beld  oblainulik 
with  permanent  steel  magnets  even  if  built  up  of  thin  sectinns 
because  the  maximum  number  of  lines  of  force  which  can  h: 
urged  through  steel  is  comparatively  low,  and  even  then  onlj  > 
portion  of  this  number  can  be  permanently  retained,  whereas  witli 
good  soft  iron  a  far  greater  number  can  be  forced  through.  If  itn 
lines  of  force  are  produced  by  a  current  circulating  in  a  coilfll 
wire  enveloping  the  iron,  the  question  of  retentivity  does  not  anst. 
Consequently,  to  develop  a  given  amount  of  power,  a  machine 
which  the  field  is  produced  by  electro -magnets  is  consideraHj 
smaller  than  one  in  which  steel  magnets  are  employed. 

Primary  batteries  might  be,  and  in  fact  were  at  one  time,  ii«.il 
to  furnish  the  current  for  the  purpose  of  exciting  the  J5e!d-iiiagneis 
but  it  is  far  more  economical  and  advantageous  to  obtain  ti)<i 
current  by  means  of  a  small  dynamo.  This  auxiliary  machine, 
which  we  will  for  the  present  refer  to  as  the  exciter,  must  bealilc 
to  excite  itself  and  to  yield  a  current  continuous  in  direciion 
Descriptions  of  many  such  dynamos  will  be  found  in  the  foilotraig' 
chapters. 

We  can  scarcely  do  better,  in  conmiencing  a  study  of  ll* 
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modem  forms  of  akcrnnling  machines,  than  describe  one  which 
KlUiM  appear  to  follow  as  a  natural  evolution  of  the  De  Moritens, 
Surh  a  machine,  excellent  alike  in  its  methanical  an'l  its  electrical 
details,  is  the  one  designed  by  Mr.  Gisbert  Kapp,  and  illustrated 
in  fig.  134,  which  also  shows  the  small  exciter  mounted  on  an 
n  of  the  main  bed-plate,  its  armature  being  also  fixed  on 


Irical  eleclrfi  ni.i;,!  ■  ■  , 
finches  in  diameter,  fixed  at  one 
lod  provided  at  their  inner  ends 
between  which  the  armature  revolve 
■I  •(■  magnets,  fourteen  in  each  en 


of  short 
rougbt-iron 
yoke  rings, 
ith  rectangular  pole-faces. 
There  are  twenty-eight  of 
1.     Each  magnet  is  wound 


i  turns  of  thick  insulatecl  copper  wire,  the  whole  of  the 
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tra  Ailachcd  b  fitmishcd  with  a  nvaJba  ct  sios 
cimIk  of  the  ])o1e  piccvH  of  the  cores  aie  {i£icBd  h 
ftnd.  Wing  provided  wilh  Mrni-qrliodtical  pasia 
dimen»i<in\  ibc  wbulc  arc  firnily  fisteoMl  ta^ 
it  imporlnnl  to  notice  ibnt  Clic  enensoos  ctf  At 
aif-fpocc  between  ihe  poles  of  the  [ 


TTie 
duced  I 
of  eigbt 
steel  m 
horizonH 

the  armature  ring,  by  nieana  of  a  brass  fnimeworic. 
sUTfnce:'  of  the  iiiai;iicls  are  provided  wilh  small  9of 
pieces,  so  thnt  ihc  coils  in  revolving  pass  as  doscj 
niiigrK-ts  as  [lossihle.  The  inayneis  arc  disposed  i 
the  ring,  Ihe  eoils  passing,  therefore,  north  and  fl 
natrly-j     " 


bolting  the  yoke-rings  to  it  and  to  each  other  is  clearly  shown  in 
the  illustration. 

When  all  the  coils  are  joined  in  series,  the  total  e.m.f.  at  the 
collecting  brushes  is  equal  to  that  developed  by  one  coil  multiplied 
'  V  ihe  number  of  coils,  but  occasionally,  in  such  machines,  a 
i.icr  E.M.7.  with  a  heavier  current  is  desired,  and  then  the  coils 
ri.  joined  in  parallel,  cither  in  two  sets,  or  as  may  be  required. 
An  equal  E-M.f.  might,  of  course,  be  obtained  with  fewer  coils  and 
pdle-pieces,  provided  the  number  of  lines  cut  in  the  same  time 
and  the  number  of  convolutions  in  series  is  made  the  same  ;  but 
the  great  advantage  accruing  to  the  use  of  a  large  number  of  pole- 
I'itcesand  coils  is  that  a  rapidly  alternating  current  can  be  ob- 
[.lined  without  rotating  the  armature  at  an  enormous  speed,  and 
so  introducing  mechanical  difficulties. 

Il  ought  perhaps  to  be  explained  here  that  the  current,  or  rather 
rurtcnts,  resulting  from  one  complete  rotation  of  a  coil  in  a  simple 
field,  which  may  be  represented  by  the  curve  a  c  e  f  in  fig.  1 20,  is 
tailed  an  '  alternation,'  and  any  similar  pair  of  currents  developed 
hy  any  armature  with  any  field  is  also  called  an  alternation.  In 
estimating  the  rapidity  with  which  a  current  is  reversed,  it  is  b;;ttcr 
In  ■-peak  of  the  number  of  such  alternations  which  take  place  in  a 
,■■  iind,  rather  than  the  number  of  reversals.  The  majority  of  the 
.i..ichines  at  present  in  use  work  at  from  80  to  100  alternations 
l>er  second,  and  to  obtain  the  latter  number  a  single  coil  in  a  single 
field  would  have  to  be  driven  at  6,000  revolutions  a  minute.  But 
ilthough  a  rapidly  alternating  cuirent  can  be  easily  obtained  with 
:■  lirge  number  of  pole-pieces,  a  disadvantage  results  from  the  fact 
■riL  these  pole-pieces  alternate  in  polarity  all  round  each  crown. 
'  nh  pole-piece  is  flanked  on  either  side  by  others  of  opposite 
i '!.irity,  and  a  very  large  percentage  of  the  lines  of  force  leak 
KISS  between  adjacent  limbs,  instead  of  passing  through  the 
■iinature  core,  and  are  wasted,  since  they  cannot  be  cut  by  the 
"I'lciuctor.  This  defect  also  exists  in  the  two  machines  next  to 
f>f  described,  where  the  armature  contains  no  iron. 

The  form  of  alternating  current  dynamo  constructed  by  Siemens 
isillustiated,  tt^ether  with  its  exciter,  which  isdriven,  independently, 
frum  the  main  shaft,  in  fig.  135.  The  field-magnets  present  an 
appearance  similar  to  that  of  those  in  the  Kapp  machine,  consist- 


olarity.  The  arrangement  is  clearly  indicated  in  fig.  136,  which 
iiows  ihree  pairs  of  magnets  and  three  ideal  armature  coils,  and  it 
ill  be  evident  that,  with  this  disposition,  the  lines  of  force  [wss 
■om  pole  to  pole,  straight  across  the  armature  space.  The  pUtne 
r  the  armature  coils  is  coincident  with  the  plane  of  rotation,  so  that 
ie  coils,  in  rotating,  cut  through  a  series  of  powerful  fields  with 
ae  lines  of  force  alternating  in  direction.  As  through  any  adjacent 
air  of  coils  the  direction  of  the  lines  of  force  is  opposite,  it  is 


iKcessary.in  order  lo  prevent  the  currLat  induced  in  one  coil  neutral- 
ising that  induced  in  the  other,  either  to  make  the  connections  as 
m  thecaseof  lheDeMeritens(fig.  133).  or  to  wind  the  bobbins  as 
right-  and  left-handed  helices  alternately,  after  the  manner  shown 
in  fig.  136.  The  number  of  armature  coils  being  the  same  as  the 
tMjmber  of  fields,  it  follows  that  all  these  coils  are,  at  any  particular 
■noment,  equally  active.  Referring  to  fig.  136,  in  which  the 
lirection  of  (otation  is  left-handed,  it  will  be  seen  that  the  coils 
m  just  leaving  the  pole-pieces,  and  currents  are  being  gene- 


r 
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^^Wirc 


258  Eli-i/hcal  Engineering  m 

rated  in  the  directions  indicated  by  the  small  arrows.  The  £.«.( 
increases  until  the  coils  arrive  at  positions  midway  beiireen  d 
pole-pieces,  where  it  is  a  maximum,  because  at  that  moment  ibl 
forward  half  of  each  coil  is  cutting  lines  of  force  in  one  directica 
and  the  rear  half  in  the  other  direction.  And  ihe  induced  cur- 
rents, (lowing  outwards  in  one  half  and  inwards  in  the  othci|. 
coincide  in  direction  round  the  coil.  Every  line  of  force  then  cut 
by  the  coil  is  being  usefully  employed.  When  this  middle  pwilim 
is  passed,  the  number  of  lines  cut  by  the  front  half  increases,  while 
the  number  cut  by  the  rear  half  decreases,  and  this  continua 
until  both  halves  of  the  coil  are  cutting  lines  of  force  which  m 
all  in  one  direction.  Consequently,  an  opposing  e.m.f.  is  induced 
in  the  rear  half,  the  value  of  which  increases  until  the  coil  ii 
exactly  opposite  the  iwlc-pieces,  when  both  halves  will  be  cuitmg 
an  equal  number  of  lines  of  force,  which  are  all  in  the  same  direc- 
tion ;  whence  equal  and  opposite  e.m.f.'s  will  be  induced  in  the 
two  halves  of  the  coil,  thus  neutralising  each  other.  At  this  point, 
then,  ihe  reversal  in  the  direction  of  Ihe  current  takes  place,  for, 
on  passing  forward,  the  front  half  of  each  coil  is  cutting  Icis, 
instead  of  more,  lines  of  force  than  the  rear  lialt  The  numbei  n( 
alternations  in  each  revolution  corresponds,  therefor^  with  the 
number  of  coils,  or,  what  is  the  same  thing,  with  the  number  of 
helds. 

In  practice,  the  machine  is  built  up  on  a  cast-iron  bed-pbte, 
to  which  are  securely  fixed  two  circular  frames,  united  and  heW 
in  position  by  a  stout  iron  stay.  An  equal  and  even  number  of 
electro- magnets  is  fixed  to  each  ftarae,  the  cores  being  Ii 
down  so  as  to  fit  into  holes  drilled  through  the  frames.  These 
ends  are  likewise  tapped,  and,  nuts  being  screwed  on  on  the 
outside,  the  electro- magnets  are  fixed  firmly  in  position.  Tlit 
inner  ends  of  the  cores  are  furnished  with  radial  pole-pieces,  B 
concentrate  the  fields  and  increase  the  number  of  lines  of  forci 
passing  through  the  rotating  annature  coils. 

The  armature  is  fitted  up  by  attaching  the  coils,  which  S 
wound  over  wooden  cores,  round  the  circumference  of  a  disc  M 
wheel  which  is  mounted  on  the  shafL     The  coils,  instead  of  be 
ircular,  like  those  in  fig.  136,  are  pear-shaped. 

A  general  view  of  the  latest  form  of  machine  desi^'ned  hj-  Mil 
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S.  Z.  de  Ferranti,  is  given  in  fig.  137,  the  particular  one  illustrated 
being  constructed  to  develop  150  electrical  horse-power.  The  field- 
magnets  are  similar  in  principle  to  those  in  the  Siemens  Alternator, 
and  consist  of  two  sets  of  electro- magnets,  attached  to  massive  iron 
rngs  forming  the  yokes,  the  magnetisation  of  the  pole-pieces  round 
each  Ting  being  alternately  north  and  south,  and  the  facing  pole- 
pieces  also  of  opposite  polarity,  so  as  to  develop  a  series  of  very  power- 


FiG.  .3J. 


ful  fieldi,  altLrnatiiif,  in  iJirLk.ti(jii.  I  hi.  It^imeivork  carrying  each 
Crown,  or  ring,  of  lield-magnets  is  divided  vertically  into  two  halves, 
which,  on  being  unbolted,  can  be  slid  out  of  position  in  a  direction 
ai  right  angles  to  the  shaft,  and  so  afford  access  to  the  interior  for 
citaning  or  repair.  It  may  be  mentioned  that  in  larger  machines 
^1  beptford  a  small  steam-engine  is  specially  provided  for  the  pur- 
linse  of  withdrawing  the  field -mag  nets  when  necessary. 
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than  win  be  instnicttrc  The  mean  diameter  of  the  armacurc  i 
7  feet,  and  h  cooqsises  40  coils,  joined  up  in  two  sets  of  :< 
aappet  tibboa  is  ii'5  nuUtmetres  wide,  and  075  millimetre  in 
t^jftrw^™,  twem^-fiTC  ttuns  beii^  wound  over  a  core  of  brai 
(iasBbttd  wttb  asbestos)  to  form  each  coil,  the  convolutions  beinf 
rowitatcd  bjr  mans  of  a  continuous  strip  of  fibre,  05  inilliiiietn 
ihx^  wound  00  with  the  copfter.  The  inner  end  of  eacb  coil  ii 
riG.i» 


connected  to  the  brass  core,  these  cores  being  also  elertrically 
connected  K^ether  in  pairs,  as  indicated  in  fig,  139.  In  a 
what  similar  manner  the  outer  ends  of  the  coils  are  connecied 
together  in  pairs  through  the  supporting  framework. 

The  peripheral  velocity  of  the  armature  is  6,050  feel  p« 
minute,  and,  manifestly,  special  attention  has  to  be  paid  to  the 
method  of  fixing  the  coils  to  prevent  their  flying  out 

The  external  potential  difference  developed  is  2,400  voltt  but 
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ae  adoption  of  the  deiiLC  shoim  m  fiR   139  ihe  mix  niu  n 
;ntial  difference  betw-een  thi.  wires  on  neighbour  ng  coils  s  re 


aio  1 20  volts.     Till; 
brush  is  a-176  ohm. 


of  the  arinturL  from  brush 


k 


safety  and  steadiness  of  running,  cfTectually  neutn 
within  certain  wide  limits,  any  pulsations  due  to  irregularitjf 
stroke  of  the  engine.  Further,  as  the  parts  revolving  at  the! 
velocity  are  simply  solid  masses  of  iron  of  the  strongest  i 
tion,  the  electrical  and  mechanical  considerations  which  ' 
render  low  speed  advisable  do  not  apply  here.  The  insuli 
the  armature  coils  is  also  simplified,  and  being  stadoiuu 
Deed  only  to  be  supyoned  with  a  view  to  resisting  the  drai 


I 
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The  machine  illustrated  in  fig.  140  is  the  latest  patter 
Mordey  Alternator.  In  the  earlier  machines,  copper  dishes  wi 
attached  outside  the  cast-iron  claws  of  the  field -magnets,  for  tl 
purpose  of  reducing  the  amount  of  air-qhuming  which  11 
otherwise  occasion  loss  of  energy.  The  claws,  in  fig.  H2,  t 
shown  without  these  dishes  ;  in  the  newer  form  of  the  macliin 
they  are  dispensed  with,  the  claws  being  simply  webbed  togelbi 
in  the  casting,  when  they  present  the  appearance  shown  I 
fig.  140- 

The  field-magnet  is  excited  by  t'.ie  current  from  a  small  Vii 
toria  direct-current  dynamo,  which  is  mounted  on  a  bracket  p 
jecting  from  the  main  bed-plate,  its  shaft  being  coupled  direct 
tlie  alternator  shaft,  so  that  the  two  machines  are  driven  Wgdti 

A  long  thrust -bearing  is  employed  to  prevent  end-p!ay,  ad 
the  sjjace  between  the  pole-faces  and  armature  is  very  small,  C 
it  is  adjustable  lonijitudinally,  for  the  purpose  of  enablii^  i 
field-magnet  to  be  symmetrically  disposed  with  regard  to  i 
armature.  The  armature  terminals  are  placed  on  the  I 
portion  of  the  gun-metal  supporting  ring. 

The  machine,  when  driven  at  500  revolutions  per  minutti 
capable  of  developing  75,000  watts,  or  100  electrical  horse-poK 
at  an  E.M.F.  of  a, 000  volis.  900  watts  are  required  for  the  p( 
pose  of  exciting  the  field-magnets.  On  account  of  there  beil 
no  iron  in  the  armature,  and  the  attention  devoted  10  small  ioi 
such  as  the  use  of  German  silver  for  the  coil-fitiings,  thewasiei 
power  due  to  eddy  currents  is  very  small ;  and  this  loss,  added' 
that  due  to  friction,  which,  owing  to  good  mechanical  constructil 
is  also  very  low,  amounts  to  but  5  horse-power,  that  beir^  d 
power  required  to  drive  the  machine  at  full  speed  on  open  cir 
(or  when  the  armature  is  disconnected),  the  field-magnets  bi 
excited  to  their  maximum. 

In  many  cases  the  output  demanded  from  a  dynamo  v» 
considerably  at  different  times.  For  instance,  twice  as  nui 
power  may  be  required  to  supply  lamps  at  one  time  a; 

It  is  not  economical  to  use  one  brge  machine,  capablri 

meeting  the  maximum  demand,  and  run  it  to  gi\'e  a  snuH  w?" 

iM  other  times,  hut,  fortunately,  it  is  possible  to  join  up  two  i 

more)  aUcTnalm^-current  dynamos  so  as  to  feed  the  a 


it  simultaneously  when  required,  switching  out  and  stopping 
when  the  other  is  able  to  meet  the  low  demand, 
^iTie  armatures  must  not  be  joined  up  in  series,  but  in  parallel, 
fte  machines  may  be  driven  by  belts  from  the  same  shafting, 
[necessary,  from  independent  engines  running  at  about  equal 
In  practice  the  latter  course  is  usually  adopted,  since  it 
I  economy  to  employ  a  large  engine  to  develop  the  power 

d  bya  small  machine. 
lut  parallel  working  is  only  practicable  when  in  both  machines 
ates  of  alternation  are  equal,  and  the  allfrnalions  'co-phasal' 
;  is,  when  their  maximum  and  likewise  their  minimum 
r.'s  occur  simultaneously.  It  is  most  remarkable  that  well- 
I  machines  can  correct  each  other  and  maintain  this 
ronism  ;  but,  as  a  most  important  part  of  the  interaction 
pds  upon  the  'motor'  properties  of  a  dynamo,  furllier  con- 
■tion  of  the  question  must  be  deferred  until  electric  motors 
been  dealt  with. 


K 
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CHAPTER  IX. 

oncAHO-njrrvc  h&chimes  (dibect  cvititEiiT}. 

fae  sphere  of  oadulness  for  altenuting-nni 
higdf  increased  of  bUe  years,  there  is  still  1 1 
of  woA.  vhicfa  snch  nactunes  aie,  and  always  «iU 
ncooapetem  to  peribnn.  This  is  noiably  the  case  in  c 
ntctioa  «idi  the  depositioQ  of  loetals  by  electricity,  and  in 
'dwigii^'  t£  sccondmij  batteries.  For  these,  and  se>'eral  0 
pinposes,  it  is  essential  that  the  current  should  bc( 
and  Bow  in  one  direction  only.  It  is  possible  to  ara 
so  that  all  the  currents  genetated  by  a  dynamo  shall  be  D 
to  flow  in  one  direction  in  the  external  circuit,  the  process  b 
known  as'cominutacioD,'andthepan  of  the  machine  by  irilicht 
alteration  is  effected  is  termed  the  'commutator.'  Direcdyl 
has  been  successfully  performed,  the  dynamo  is  capable  of  >  i 
and  important  development,  for  it  is  then  possible  to  use  alli 
part  of  the  current  vhich  is  generated  in  the  armature,  lor 
purpose  of  magnetising  the  field -magnets.  The  smaller  at 
machine,  which,  in  most  of  the  dynamos  previously  described, 
been  employed  to  excite  the  field-magnets,  can  therefore  be 
pensed  with,  and  the  machine  made  '  self- exciting.' 

We  come  then  to  the  consideration  of  the  means  to  be 
ployed  in  order  that  the  currents  which  are  generated  in  aliei 
directions  can  be  commutated  so  as  to  flow  in  \ 
the  external  arcui't.  Referring  again  to  fig.  120,  we  reme 
that  the  direction  of  the  current  is  unaltered  (although  it  vai 
KLM-F.,  and  therefore  also  in  strength)  during  the  first  half-r 
tion  of  the  rectangle,  and  that,  at  the  end  of  that  half-revoli 
reversal  in  direction  takes  place.  Now,  a  moi 
show  that  if,  just  at  the  end  of  this  first  half-revolutiw; 
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ritions  of  the  two  bruslies  on  their  respective  rings  were  inter- 
inged.  the  current  generated  during  the  second  half  of  the 
oJution  would  flow  in  the  same  direction  round  the  external 
niit  as  the  preceding  current  did,  because,  although  really  gene 
;d  in  the  reverse  direction,  it  is  entering  the  external  circuit  at 
oiher  end.  This  is  the  fundamental  principle  of  commuta- 
I  ;  only,  instead  of  shifting  the  brushes,  the  change  is  effected 
fie  right  moment  by  a  modification  of  the  ring  or  rings  against 
ch  they  press. 

The  simplest  possiiile  form  of  commutator  is  shown  in  section 
^  143.  Instead  of  two  brass  rings,  a  single  brass  ring  or  tube 
tnployed,  but  with  the  difference  that  ^^^_ 

split  lengthways  into  two  halves  or 
nents,  a  b,  insulated  one  from  the 
-r.  Each  end  of  the  coil  of  wire  is 
nected  to  one  of  these  segments,  and 
brushes  or  flat  springs  are  so  situated  ^ 
t  they  press  upon  the  divisions  between 
segments  at  the  moment  that  tlie  coil 
T  the  vetticai  position— that  is  to  say, 
lie  position  where  the  reversal  of  the 
rent  lakes  place.  Just  at  that  moment,  then,  the  ends  of  the 
in  contact  with  the  respective  brushes  are  also  reversed,  and 
-ult  is  that  when  the  coil  is  rotated  uniformly,  a  succession 
■  ri  currents  passes  through  the  external  circuit,  each  current 
,j  .ind  falling  similarly,  but  all  impelled  through  the  external 
nil  in  the  same  direction. 

The  length  of  the  wire  can  easily  be  increased  by  winding  it  in 
umber  of  convolutions,  instead  of  in  a  single  rectangle,  when, 
D  matter  of  course,  the  e,m.f.  will  be  increased  proportionately. 
The  variation  in  the  e.m.f.  developed  by  an  ideal  alternating- 
7*m  dynamo  is  shown  in  fig.  120,  where  the  line  a  b  represents 
iifinnal  or  zero  potential,  the  curves  above  it  indicating  the  gra- 
■:-.<:  and  fall  of,  say,  the  positive  potential,  and  those  below  it 
.:;"3site,  or  negative  potential. 

i.  1^4  exhibits,  in  a  simple  manner,  the  result  of  replacing 
1  metal  rings  by  a  split  tube,  or  simple  two-part  commutator. 
indicates  the  zero  potential,  and  the  curve  acd  the 


■""""111  of   '   "  t  ,„  0 " 
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s  or  rotalion,  andpfrsn  single  loop  of  wire  which  travels 

e  circular  path  indicated  by  the  dotted  line.     If  we  sup- 

c  lines  of  force  of  the  field  to  be  in  the  direction  of  e/, 

^  or  parallel  to,  a  diameter  of  this  circular  path,  then  they  will 

It  by  the  coil  in  a  manner  somewhat  similar  to  that  of  the 

mgular  coil  which  we  have  just  been  considering, 

e  movement  from  the  vertical  position  through  the  first  half- 

ululion  produces  a  current  which  rises  to  a  maximum  when 

s  turned  through  an  angle  of  90",  and  falls  to  zero  again 

1  the  coil  reaches  iSo",  while  the  current  generated  in  the 

4  half-revolution  is  exactly  equal  in  strength,  at  corresponding 

ttioiis,  though  opposite  in  direction  ;  but  it  can  be  commutated 

I  precisely  the  same  way  as  in  the  case  of  the  rectangular  coil. 

B  ends  of  the  coil  are  connected   to  the  metallic  segments 

(univalent  to  a  ^  in  fig.  143)  of  a  simple  two-part  commutator. 

is,    however,    one   great   diflerence   between   the   two 

No  poition  of  the  coil  shown  in  fig.  146  acts  preju- 

r,  although  the  portions  connecting  the  horizontal  limbs  are 

1  idle,  inasmuch  as  P,^^  ,^6, 

y  do  not  cut,  but  only 

:,  through  the  lines  of 

s.     But  with  the  coil 

bwn  in  fig.  US  tbe  case 

I  different.      There    are 

pl  two   idle   connecting 

gths,  /r  and  pr,   but 

!  E.U.F.  induced  in  the 

I  horizontal   limbs  /^ 

n   the    same 

each  —  say 

a  p  Xo  g  and  from   r 

-because  they  always  cut  the  lines  in  a  similar  sense,  although 

a  different  rates  ;  they  therefore  act  in  opposition  to  each  other. 

e  outer  limb  p  g  traverses  a  greater  portion  of  the  field  and 

s  at  a  greater  linear  velocity  than  does  r  s,  and  cwsequently, 

*  it  cuts  more  lines  of  force,  and  at  a  greater  speed,  than  r  s,  the 

>l,F.  generated  by  it  is  the  greater,  the  resulting  current  round 

le  coil  being  therefore  that  due  to  the  preponderance  of  the  e.m.j. 
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of  the  limb/y  OTcr  iliat  of  rr.  Now,  the  lines  of  force  which  ihe 
outer  limb  cuts  in  e\cess  of  those  cut  hf  the  inner  limb  aie  simplf 
those  which  pass  through  the  coil  when  it  is  in  the  vao  position, 
es  in  fig.  145,  and  it  is  evident  that  if  the  field  is  uniform  and  the 
coil  comparatively  small  the  lines  thus  enibtaced  will  be  vi 
indeed,  and  the  use  of  tran  to  increase  tbeii  number  immdkldjr 


suggests  itself.     It  is  most  advantageous  to  make  the  ii 

form  of  a  ring,  as  shown  in  llg.  147,  and  cause  it  to  roiatewithlM 

coil. 

In  fig.  148  is  illustrated  the  effect  of  placing  a  ring  of  iron  in 
magnetic  field.  The  apparatus  employed  to  obtain  this  f 
consisted  of  a  quantity  of  thin  soft  iron  wire  wound  into  a 
and  placed  between  the  opposite  poles  of  two  powerful  bat  magnrf 
a  sheet  of  paper  being  laid  over  them,  and  iron  filings  spnnkli 
upon  it.  The  s|>aces  free  from  filings  represent  those  places  wl 
ihe  permeability  of  the  iron  is  sufficiently  high  to  prevent « 
appreciable  number  of  lines  of  force  CJitending  above  the  p 
su  as  to  give  direction  to  the  fihngs.  The  manner  in  which  I 
lines  converge  into  the  ring  should  be  noted,  and  it  will  also 
observed  that  at  two  places,  on  a  diameter  at  right  angles  with 
lines,  the  magnetic  effect  above  the  paper  is  considerable. 
reason  for  this  is  that  the  greatest  number  of  lines  pass  tl 
the  iron  at  these  points,  and  the  permeability  is  sufficiently  re 
to  allow  some  lines  to  leak  above  the  paper.  Comparatively  I 
hnes  pass  diametrically  across  the  rinR,  about  half  of  them  go 
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%pper  and  half  through  the  lower  part  of  it,  and 
inner  hmb  of  the  co  I  (fig.  147)  cuts  hut  very  few 
resulting  e  sf  f  is  practically  that  developed  by  the 

ise  illustrated  in  fig  147  only  one-half  of  the  total 
nes  of  force  urged  throui,h  the  iron  can,  at  any  one 
"ough  the  coil  and  some  device  is  therefore  necessary 


^^^* 


1  Other  half  to  be  utilised.  Now,  since  the  induced 
same  iri  any  given  position  after  ihc  coil  has  passed 
IS  in  the  corresponding  position  after  it  had  passed 
^  it  is  clear  that  a  second  coil  might  with  advantage 
the  opposite  extremity  of  a  diameter  of  the  circular 
d  by  the  coil.  We  will  assume  that  the  limbs  on  the 
By  alone  are  active,  and  it  will  be  seen  that  if  the 
Bit  flows  from  front  to  back  in  the  outer  limb  of  the 
irill  flow  from  back  to  front  in  the  outer  limb  of  the 
iCause  these  limbs  always  cut  the  lines  from  opposite 
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sides,  vie  one  from  ibove  and  the  other  from  below.  The  vu-  \  i 
ts,  hove^-er,  at  any  moment  equal  in  each,  and,  by  joining  thccndtl 
trfaicb  are  at  a  positive  potential  to  one  segment 
•Kbicb  are  at  a  negative  potential  to  the  other  s^tnent,  M  coik 
are  made  to  deliver  theii  currents  in  the  same  direction 
estemal  dnmit 

LFig.  149  illustrates  the  arrangement  for  employing  Xn  ad 
coils ;  tbcy  are  simDarly  wound  (right-handedly  in  this  tast). 


Iheir  ad/aoMl  ends  are  joined  to  the  same  section  of  the  nffln 
taior.  Now,  as  they  are  at  opposite  extremities  of  a  da* 
ihey  pass  at  every  moment  through  parts  of  the  field  irbeiet 
aa  with  equal  effect,  and  therefore,  as  already  pointed  ool, 
E.H.F.  will  be  the  same  at  the  extremities  of  each  rail  Sina 
ends  of  the  two  coils,  which  are  at  the  same  E.M.F.,  are  joiMli 
the  same  s^ment  of  the  commutator,  the  e,m.f,  due  to  both  1 
is  only  the  same  as  that  produced  by  one  of  them.  It  is,  ill  i 
an  exactly  analogous  case  to  that  of  joining  two  ptiniiiT' 
of  equal  e.m.f.,  in  parallel.  There  is  also  the  similar  adWl 
here  that  because  the  coils  are  joined  in  parallel  the  inB 
resistance  between  ihc  two  segments  is  only  half  that  of  ok 
and,  as  we  have  seen,  any  arrangement  that  so  reduces  ibeinB 
resistance  of  a  current  generator  is  sometimes  very  valuable 
increasing  the  number  of  turns  in  the  coils  we  increase  tbel^ 
because  a  greater  number  of  conductors  in  series,  round  the; 
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usefully  cutting  lines  of  force  ;  but,  of  course,  the 
ust  be  exactly  the  same  in  each  coil.  In  figs.  147  and 
ire  two  active  conductors  to  each  coil. 

now  in  a  position  to  proceed  with  the  consideration  ol 
for  making  the  short  fluctuating  currents  depicted  in 
pproach  more  nearly  to  a  continuous  steady  current, 
rrenls  are  at  a  minimum  when  the  coils  are  at  right 
he  lines  of  force,  or  at  that  point  where  the  reversal  of 
d  current  takes  place,  and  it  is  evident  ihal  if  a  second 
Is  be  placed  at  right  angles  to  this  existing  pair,  as  in 
ill  always  lie  parallel  to  the  lines  of  force,  or  be  in 


I 


n  of  best  action,  just  at  the  moment  when  the  first  pair 
t  idle.  But  it  now  becomes  necessary  to  divide  the 
or  into  four  parts,  all  the  coils  being,  of  course,  similarly 
d  the  adjacent  ends  of  adjacent  pairs  connected  to  the 
lent  of  the  commut.itor.  When  only  two  segments  are 
the  brushes,  as  we  have  obsen-ed,  are  placed  so  that 
ns  of  the  commutator  pass  them  just  at  the  moment 
soils  are  at  right  angles  to  the  lines  of  force,  and  when 
ilmost  idle.  In  the  present  case,  with  four  coils,  the 
tist  also  be  placed  so  that  the  division  between  each 
teents  on  the  commutator  passes  a  brush  when  the  coil 
"1  that  pair  of  segments  is  in  the  position  of  least 
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coils  would  be  in  the  direction 
resulting  current  could  be  led  fro 
circuit  by  the  upper  brush  Bi, 
lower  brush  Bj.    The  two  horizon 
tion  of  greatest  activity,  while  the 
idle,  and  merely  serve  to  conduc 
active  coils  to  that  segment  of  the 
touching.     A  moment  later  a  and  I 
current  in  the  opposite  direction  tol 
but  as  by  that  time  they  will  have  i 
site  ends  will  be  in  contact  with  thl 
tion  of  the  current  in  the  external 
When  the  plane  of  each  coil  matce^ 
of  force,  they  are  equally  active,  ar 
twice  that  which  is  at  that  moment 
The  resulting  e-m-f.,  due  to  t 
instead  of  the  single  pair  of  coils,  is 
Ijefore,  we  must  determine  at  what 
is  at  a  maximum  and  where  it  bec( 
(fig.  144)  illustrates  the  variation  c 
one  pair  of  coils,  and  as,  when  thi! 


[Res  is  at  its  lowest  value,  and  (he  length  of  (his  line  o  a  deter- 
ines  the  lowest  point  on  the  curve  which  we  desire  to  cunstruct. 
imediately  after  this  point  is  passed  both  pairs  are  acting 
gether,  liie  activity  of  one  increasing  and  that  of  ihi:  other 


lecreasing.  At  a  certain  stage  they  will  be  acting  with  exactly 
equal  efTect,  and  this  stage  is  indicated  by  the  intersection  in  b 
dT  the  two  curves ;  it  occurs  when  each  coil  makes  an  angle  of 
(S°  with  the  lines  of  force.  To  obtain,  therefore,  the  resulting 
ku.F.  at  the  brushes,  we  must  add  together  these  two  equal 
tH.F.'s;  consequently,  twice  the  length  of  the  line  CB  must  be 
alcen  as  the  height  of  this  the  highest  point  in  the  new  curve. 
Vhen  the  coils  have  rotated  through  another  45°,  one  pair  is 
gain  idle  and  the  other  at  its  maximum  activity,  so  that  we  again 
each  the  lowest  point  of  the  curve.  The  curve  so  constnjcted  is 
howD  in  fig.  153,  and  indicates  the  manner  in  which  the  total 
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tii.F.  at  the  commutator  brushes  fluctuates  when  the  armature 
coiisistsof  two  pairs  of  coils  arranged  as  in  fig.  150.  The  resulting 
'  unent  will  also  fluctuate  similarly,  depeiiding  in  strength  upon 
iK-  gross  resistance  in  the  circuit. 

A  little  reflection  will  make  it  obvious  that  the  variation  in  the 
L  be  further  diminished  by  the  employment  of  a  yet 
r  number  of  pairs  of  coils  in  the  armature,  providing  that 
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they  aiK  placed  co  that  ihe)*  each  come  into  the  position 
action  at  tbe  nioment  wbcn  the  resuhing  e.m.p^  witho 
individual  aid,  would  be  at  a  uiinimum. 

For  instance,  a  coil  might  be  placed  exactly  midway 
each  of  those  wound  on  llie  armature  shown  in  tig.  15 
armature  would  then  consist  of  eight  coils  in  four  pairs, 
commutator  of  eight  bars  or  s^ments  (fig.  153).    Tt 


from  such  an  armature  would  be  far  more  steady  thi 
the  four-coil  armature ;  in  fad,  it  may  be  stated  genen^ 
greater  the  number  of  coils  composing  the  armature,  lh( 
fluctuation  of  the  current.  Of  course  there  is  a  practical 
the  number  of  coils  ;  for  instance,  the  commutator  with 
of  armature  must  have  as  many  segments  as  the  anna 
single  coils,  and  lis  construction  and  the  making  of  the  r 
connections  would  be  difficult  and  expensive  if  the  num 
excessively  increased. 

It  will  be  observed  that  in  fig,  153  the  whole  acma 
ductor  is  wound  continuously  round  the  core ;  it  is  divi 
sections  having  four  convolutions  each,  and  a  connectir 
led  from  the  junction  of  every  two  adjacent  sections  to  tl 
segment  of  the  commutator.  Tbe  result  is  of  course  iht 
if  the  ends  of  each  section  were  brought  direct  to  the  cor 
segment,  while  the  actual  length  of  the  armature  coodu 
therefore  the  resistance,  is  sliglilly  reduced.  The  black 
of  the  circle  represent  the  metallic  segments,  the  whii 
'  ""Iween  them  indicating  the  insulating  material. 


\Vk  order  to  increase  the  E.m,f.  developed  ii 


a  give 
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ipeed,  we  must  increase  the  number  of  conductors  on  the 
periphery  of  the  armature,  which  can  be  done  by  adding  10 
mlier  of  convolutions,  although  this  also  increases  the  in- 
resislance.  In  the  armature  illustrated  there  are  thirty-two 
portions  of  the  wire  round  the  whole  external  periphery,  but 
yare  joined  up  in  two  sets  in  parallel,  the  total  E.m.f.  is 
xteen  limes  that  of  one  active  portion. 
we  know  the  number  of  active  conductors  joined  in  series 
e  number  of  lines  of  force  which  they  cut  per  second,  it  is 
>  calculate  the  resulting  f.m.f.  The  E.M.F.  developed  by 
rticular  conductor  moving  circularly  in  a  uniform  field  varies 
Is  position,  and  is,  as  we  have  seen  (Chapter  VIII.),  pro- 
lal  to  the  cosine  of  the  angle  which  the  plane  of  tlie  coil  of 
it  forms  a  part  makes  with  the  lines  of  force ;  or  to  the  sine 
angle  through  which  the  coil  has  turned  from  its  position 
it  angles  to  the  lines  of  force.  But  we  need  not  now  trouble 
ves  with  this  consideration,  for,  in  a  syminelricnlly  con- 
id  armature  of  many  convolutions,  the  place  of  each  con- 

■  as  it  moves  to  a  position  of  grc.iter  or  less  activity  is 
Jiately  filled  by  another,  and  the  total  e.m.f.  remains  un- 
L  Since  each  active  length  undei^oes  precisely  the  same 
:ive  effects,  the  average  e.m.f.  induced  in  each  is  the  same, 
le  total  E.M.F.  will  be  equal  to  the  number  of  active  con- 
's round  one-half  of  the  armature  multiplied  by  the  average 
developed  by  one  of  them  during  half  a  revolution, 
pposing  the  armature  to  consist  of  forty-eight  convolutions 
le  E.M.F.  developed  by  one  of  the  active  limbs  to  be  z  volts, 
he  whole  e.m.f.  would  he  2  x  24  =  48  volts, 

le  average  E.M.F.  dcvcloiicd  by  each  active  conductor  de- 
upon  the  speed  at  which  it  moves,  and  the  number  of  lines 

■  it ;  in  fact,  we  have  seen  that  if  a  wire,  one  centimetre  long, 
■ed  at  a  velocity  of  one  centimetre  per  second  transversely 
;h  a  field  of  unit  strength  (that  is,  a  field  having  one  line  of 
per  square  centimetre),  then  the  resulting  e.m.f.  will  be 
to  one  CG.s.  unit.  This  unit  being  so  very  small,  the  voh 
nfor  practical  use,  having  a  value  10*  or  100,000,000  times 

be  C.CS.  unit.     So  that  after  calculating  e.m.f.  ii 
■resuhmast  be  divided  by  io*toobtainth?E.M,F,\niQVtl 


cut  51,000  lines  per  second  and  g 
force  of  31.000  CCS.  units.  An 
in  series,  the  total  average  e.m.f. 
be  16x31,000  =  511,000  CG.s.  I 

— '°t~  —  '°°S 
If  the  annature  made  ten  revolutii 
be  ten  times  greater  (i.e.  o< 
would  now  cut  ten  dmes  the  numd 
In  fact  we  may  say  that  the  J 
armature  of  this  dwcrtplion  is  equs 
H  X  -  X  2>i,  diat  is,  I 

or  average  e  = 

where  H  is  the  total  number  of  lit 
annature  core;  p  tlie  total  numt 
round  the  periphery,  and  -,  there 
the  number  of  revolutions  per  s 
number  of  times  per  second  whic 
by  each  conductor. 

The  E,M.F.  obtained  in  the  1; 


Leakage  i 


r  the  CorE-r 


The  above  is  a  fair  example  of  what  obtains  in  actual  practice, 

■""I  the  student  will  readily  perceive  that  it  is  necessary  for  the 

quantity  of  iron  in  the  armature  core  to  be  considerable,  otherwise 

*lli  such  a  large  number  of  lines  of  force  the  magnetic  induction 

""'"igh  it  (that  is,  the  number  of  lines  per  square  centimetre) 

■'J  be  abnormaMy  high.     We  know  that  the  permeability  of 

-'  'decreases  rapidly  when  the  induction  through  it  exceeds  a 

Jill  amount,  and  then  a  large  number  of  the  lines  leak  dia- 

uically  across  the  ring  instead  of  taking  the  path  indicated  in 

'49.  many  of  them  passing  across  the  steel  driving  shaft,  the 

iiiitability  of  which  may  be  nearly  equal  to  that  of  the  'salu- 

■I'ei] '  iron. 

Now,  as  these  hnes  of  force  thus  leaking  across  the  ring  are 

™  by  the  inner  portions  of  the  conductor  (equivalent  to  ri  in 

i-  H5)  and  act  prejudicially,  inasmuch  as  the  e.m.f.  generated  by 

temner  wires  in  cutting  them  is  reverse  to  the  main  e.m.f.,  it  is 

^Hdenily  inadvisable  to  endeavour  to  push  the  induction  too  far. 

■    3  rule  the  limit  is  from  16,000  to  18,000  lines  per  square  centi- 

'■'f^.  and  if  more  lines  through  the  core  are  needed,  either  the 

■1  must  be  increased  or  iron  of  higher  permeability  employed. 

«e\-i(^^k  ""^^^'''y  enuils  a  greater  length  of  conductor.     It 

L    BOnONlh-  k' '"  ^"  ^'■'"aiufe  of  the  type  we  are  considering,  the 

I  BKBMikBSr  ^^^.  ^"^^  ^  "'^'le  should  be  of  the  highest  possible 

r  imemMMMBE,  ^^  quantity  of  iron  or  sieel  used  inside  iht 

"1  aa  possible  to  minimise  the  tendency  10 

ration  implies  that  iron  should 

T^nechanically  connecting  the 

metal   or  some  other  non- 
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the  some,  and  their  adjacent  ends  connected  together.  The 
coramtiuilor  segments  consist  of  a  coirespondii^  number  of  brau 
mngje-pieces,  mn,  which  are  fixed  ag^iinst  the  vooden  boss,  », 
omed  on  the  driving  shaft. 

The  junction  of  cvetj- two  adjacent  coils  is  connected  to  one  of 
the  commutator  set^ents,  as  shown,  and  two  flat  brushes  of  co[^ 
Tta.  iM-  wire  are  pressed  against  the  pi 

jeering  ends  of  the  segments, 
serve  to  deliver  the  cunent 
the  eMemal  citcuiL    The 
forms  of  this  annature,  althi 
identical    in    principle,   ate 
superior  from  a  mechanical 
of  view;  in   fact,  the  aim 
herv  illustrated  would  fly  10  pieces 
I  if  subjected  to  the  s 
"  occur  in  a  modem  machine. 

It  is  necessary  that  the  com- 
mutator bars  should  be  firmly  held 
in  position,  that  the  wire  should  be  bound  or  by  some  ma 
fixed  so  as  to  prevent  its  being  shifted,  and  that  the  core  » 
with  it  the  coils  should  be  firmly  secured  to  the  driving  shaft  j 
far  as  possible  it  will  be  shown,  in  describing  the  best  types 
machines,  how  well  these  points  are  attended  to  in 
Especial  care  must  be  taken  to  prevent  the  generadon  of  ed 
currents  in  the  core,  and  this  was  the  reason  why  Gramme  ua 
rather  fine  wire  instead  of  a  solid  ring.  AVe  have  previously  1 
marked  that  the  e.m.f.  which  gives  rise  to  these  eddy  cutienO 
ver>'  low  (although  the  current  strength  may  be  considi 
because  a  large  mass  of  metal  offers  little  resistance),  aud 
therefore,  the  merest  film  of  insulation  between  neij 
wires  of  the  core  is  sufficient.  Except  in  special  cases  a  coatiii{ 
shellac  varnish,  or  even  a  coating  of  rust,  is  all  that  is  requii 
and  it  should  be  borne  in  mind  that  the  space  occupied  by  in 
lation  should  always  be  as  small  as  possible,  so  astoallo*! 
maximum  amount  of  iron  to  be  used.  If  the  armature  is  roUl 
a  simple  field  between  two  pole  pieces,  it  is  not  necesswytB 
k  subdivide  the  cote  to  the  extent  adopted  in  the  earlier  Gtwnw 
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machines,  for  since  the  direction  of  the  eddy  currents  is  at  right 
angles  to  the  lines  of  force  and  to  the  direction  in  which  the  core 
moves,  there  will  be  no  tendency  for  them  to  flow  in  a  radial 
direction,  but  only  along  lines  parallel  to  the  driving  shaft. 
Therefore  the  core  may  be  simply  laminated,  or  built  up  of  a 
number  of  thin  discs  of  soft  iron,  thus  giving  better  facilities  for 
mechanical  connection  with  the  shaft,  and  also  reducing  the 
magnetic  resistance  considerably.  In  entering  or  leaving  the 
imerior  of  the  wire  core,  the  lines  of  force  have  to  leap  across 
Bumeroos  little  sp.ices  of  low  permeability,  while  in  the  case  of  a 
core  built  up  of  discs,  not  only  is  the  mass  of  iron  greater,  but  it 
is  also  continuous  in  the  direction  of  the  hnes,  and  discontinuous 
oniy  in  the  path  which  would  be  taken  by  the  eddy  currents. 

Returning  now  to  a  consideration  of  the  phenomena  developed 
by  the  actual  rotation  of  the  armature,  we  may  repeat  that  the 
trashes  must  be  so  placed  that  every  division  between  the  seg- 
ments of  the  commutator  passes  a  brush  just  at  that  moment 
irhen  the  coil,  the  ends  of  which  are  conntcted  lo  those  segments, 
is  idle.  Now  this  happens  when  the  plane  of  the  coil  is  at  right 
angles  lo  the  lines  of  force,  so  that  if  the  lines  of  force  always 
retained  their  regular  straight  direction  between  the  poles  of  the 
field  magnet,  it  would  be  easy  to  fijt  the  correct  position  for  the 
bmshes.     But.  unfortunately,  the  fidd  is  considerably  distorted 


immediately  the 
-  !-iI,!ished.     This  distortii 
:!"  becomes  a  powerful 
."  K  are  not  coincident 
The  two  lialvcs  of  the 
I  he  ciincnts  passing 
■■■  similar  poles  are  adj: 
rii,.  where  Uwjwo 

rcular 


rotate   and  the  current 

C  that  the  armature 

of  force 
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bination.  The  circle  acts,  indeed,  as  if  it  were  a  single  mag 
the  distance  between  its  poles  being  ihe  length  of  the  diami 
Some  of  the  lines  of  force  find  iheir  way  back  across  the 
to  ihe  opposite  pole,  while  others  pass  round  outside  the  drcki 
much  larger  proportion  Liking  this  course  when,  as  in  the  caa 
the  dynamo,  there  are  large  masses  of  iron  in  the  vicinity.  11 
position  of  the  brushes  determines  the  posilion  of  the  poltsi 
the  armature,  and  when  the  brushes  are  placed  on  a  diameteri 
right  angles  to  the  lines  of  force  of  the  field,  these  poles  are  a!i 
Qt  right  angles  lo  those  lines  of  force. 

It  is  manifest  that  as  the  tendency  is  for  the  armature  I 
generate  a  magnetic  field  in  one  direction,  while  the  field  mapd 
strive  to  maintain  one  in  another,  the  direction  of  the  resulia 
field  must  lie  between  the  two,  the  exact  position  depending  (o 
great  extent  upon  the  relative  magnetising  forces  of  the  arauliu 
and  field  magnets.  Were  these  relative  forces  known,  the  diret 
lion  of  the  field  might  be  determined  approximately  by  the  well- 
known  '  parallelogram  of  forces'  (see  fig.  155).  In  this  case  the 
hne  AB  represents  by  its  position  the 
direction,  and  by  its  length  the  mapii- 
tudc  of  the  magnetising  force  due  !» 
the  field  magnets  alone,  while  the  line 
B  c,  drawn  at  right  angles  to  a  8,  rcpre- 
sents  the  direction  and  force  of  the 
"  ^  field  due  to  the  armature.     Then  te 

diagonal  B  D  of  the  completed  parallelogram  ruiiresents  both  il 
magnhude  and   direction   the   resulting   magnetic   field 
the  brashes  must  be  set  on  a  diameter  at  right  angles  lo  ih« 
resulting  lines  of  force.     Hence  this  shifting  of  the  field  due 
the  reaction  of  the  armature  necessitates  also  the  shifting 
brushes  through  a  corresponding  angle,  equal,  in  fact,  to  the  v. 

DBA. 

This  altered  position  of  the  brushes  is  commonly  known  i 
the  had  given  to  them,  and  the  angle  through  which  thej  a 
moved  is  knowji  as  the  angle  o(  lead.  In  every  dynamo  the  te 
is  forward,  or  in  the  direction  of  the  rotation  of  the  ai 
the  paralleli^ram  of  forces  referred  to  above  does  not  e 
indicate  the  true  angle,  because  immediately  a  lead  is  given  K 
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i,  the  polarity  of  the  arniaiure  is  shifted  through  a  corre- 
nding  angle,  the  result  being  to  still  further  distort  the  field 
I  again  increase  the  angle  of  lead.  It  will  be  evident  that 
we  wish  to  reduce  the  angle  dba  (fig.  155)  it  can  be 
le  by  decreasing  bc  or  increasing  ab,  which  in  either  case 
ild  result  from  making  the  magnetising  force  of  the  field 
jneis  great  as  compared  with  that  of  the  armature.  Practice 
1  dictates,  for  this  and  for  other  reasons,  that  the  magnetic 
i  in  which  the  armature  revolves  should  be  as  strong  as 
sible,  and  always  very  much  stronger  than  that  developed  hy 
annature  itself.     In  fig.  156  is  illustrated  the  direction  of  the 


lultant  field  of  a  dynamo  when  tne  armature  is  revolvi 
Action  indicated  by  the  arrow,  and  is  generating  a  c 
^  be  observed  that  the  lines  of  force  m,  ns  are  considerably 
lorted  or  dragged  out  of  their  normal  position,  and  that  this 
tortion  lakes  place  in  the  direction  of  rotation,  The  lines 
ch  cross  the  space  inside  the  armature  ring  indicate  the  direc- 
l  of  leakage,  corresponding  to  that  illustrated  in  fig.  148. 

tlie  external  resistance    through  which  a   dynamo  is 
B  is  varied,  the  current  in  the  armature,  and  therefore  the 
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field  produci^d  by  it,  also  varies  ;  the  same  cause  may  also  al 
[he  field  produced  by  the  field  magnets  if  the  machine  b  'i 
exciting,'  and  consequently  in  practice  the  angle  of  Itaid  si 
varies  considerably.     If  the  efTective  fields  produced  by  the  fli 
magnets  and  the  armature  were  varied  in  the  same  piopottiomfl 
angle  of  lead  would  remain  constant ;  but  we  shall  see  p 
that  because  the  induction  through  and  the  permeabilitf  of  4 
field-magnet  and  armature  cores  do  not  vary  together,  as  vdlfl 
for  other  reasons,  this  proportion  is  not  maintained,  although  if 
currents  producing  those  fields  may  be  equally  increased  d 
diminished.     Too  much  stress  cannot  be  laid  upon  the  neo   ~ 
for  setting  the  brushes  in  the  proper  position,  and  to  £ 
matters  they  are  usually  mounted  on  an  insulating  roclcersoll 
they  may  be  shifted  together  ibrough  a  considerable  angle  B 
the  correct  position  is  found.     When  the  field  is  a  simple  0 
such  as  that  between  the  two  poles  of  a  magnet,  and  ( 
is  also  uniform,  the  brushes  are  placed  at  opposite  exti 

'   a  diameter  of  the  commutator. 

When  the  brushes   are  not  properly  adjusted,  the  coill  a 
■hort- circuited  while  they  are  more  or  less  active^  and  o 

I  sparking  occurs  at  the  commutator,  injuring  that  ii 

I  of  the  machine,  and  giving  evidence  of  wasted  e 
Practically  the  best  position  of  tlie  brushes  c 

■  Bhifting  them  while  the  machine  is  running  (the  c 

I  being  at  the  time  completed)  until  there  is  very  li 
ing  observable  ;  and  it  is  found  that  they  must  b 
farther  ahead  than  the  point  where  they  a 

)  direction  of  the  resultant  lines  of  f( 

,   necessitated  by  the  rather  peculia 
takes  place  m    a  coil  as  it  passes  t 
sufficiently  wide  bearing  on  ihc  coniniutatQ 
interval  between  the  two  sef;nn;:ns  ai  i 
attached  to  them  for  a  brief  iiUi.n.il  ( 
may  take  place  when   the  coil    is  u- 
almost  inactive,  it  must  be  rcru._iiib 
self-induction,  consisting  as  it  i!o«  • 
of  wire  wrapped  round  a  corayaratii 
lave    considered    at    length    d- 
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'"  -■-■■\X  bebg  suddenly  started  or  stopped  in  any  circuit  which 
m  appreciable  amount  of  self- induction,  from  which  it  is 
-lit  that  although  the  coil  itself  may  not  be  actually  generating 
current,  yet  it  is  carrying  the  whole  of  the  current  generated 
iii;  other  coils  in  the  same  half  of  the  ring,  and  when  short- 
.:red  by  the  brush  this  current  will  not  immediately  die  out, 
>ni  will  become  even  stronger  for  a  moment  and  then  expire. 
indently  of  this  it  is  impossible  in  practice  to  absolutely 
the  theoretical  condition  of  each  coil  being  idle  even  for 
t  possible  interval  during  which  the  coil  might  be  short- 
d ;  and  although  the  E.M.F.  generated  when  the  coil  is 
live  may  be  very  small,  yet  its  resistance  is  as  a  rule  so 
"  r  low,  being  but  a  small  fraction  of  an  ohm,  that  the 
\  strength  becomes  perforce  considerable.  The  energy  of 
circulating  round  the  coils  while  they  are  in  lum  shorl- 
s  expended  in  heating  the  wire,  which  heat  represents 
I  energy  lost  to  the  externa!  circuit  where  it  might  have 
lefully  etnployed,  and  this  effect  must  he  rememlwred 
f  the  many  causes  which  necessitate  sjiecial  attention 
d  to  ventiialipti  in  designing  a  dynamo  armature.  Tn 
e  enlite  stoppage  of  the  current,  and  also  even  to  allow 
It  time  for  a  current  in  the  opposite  direction  to  be  just 
ti  the  coil  before  jt  is  actually  thrown  into  circuit  ay^iin 
J  advantaijL'tius  to  have  the 
slight  estra  lend  above 


f  the 


f  knora  as  'dnun'  annatures,  are  comiru 
B  die  (nnciiile  of  tbe  rectangnlai  coil  first  menlioned 

e  was  demised  b)  Von  Hefner  Alteneck, as 
mtmal  dndopment  of  the  shuttle  a: 
B  B^nelD  raacfaines.     This  shuttle  armature,  coniisi- 1 
%ofoaeaiilofnianf  turns,  gives  a  current  fiuctu^iDg  I 
1  to  lero  twice  Id  each   revolution,  and  grcau 
d  at  and  obuloed  by  placing  a  numbered  at 
i  tfaecore;  in  just  the  same  way  that  a 
T  of  cads  wotrnd  on  the  Gramme  principle  yields  a  m 
tj  copstint  canent  than  would  result  from  a  single  CoS. 
n  annamrc  is  somewhat  more  difficult  to  constma  and  H 
I,  and  altfaoi^  tbe  fundamental  principle  is  in  all  oi 
that  just  inditawd,  there  are  many  ways  of  making  the  neoem 
CDonectiaBS,  some  of  which  will  be  described  when  dealii^  m 

The  genenl  principle  may  be  gathered  from  fig.  157,  wb( 
oolj  two  adjacent  sections  are  shown,  each  ha^'ing  one  lurn.  H 
core  is  shaped  like  a  cylinder,  or  drum  ;  a  commutator,  si 
t:..,_  ,„  to  tbosealieadyi 

a  g     scribedjbeiogpk 

at  one  end  it 
with  its  axis. 
one  segment  ihei 
coil  ascends  up  I 
fjce  of  the  dnun 
(I,  thence  lengdm 
along   [he  qrlin 
to    d,    whence 
passes  across  ad 
meter  to  c,  and  along  the  length  of  the  cylinder  to  rf.    Frtffl 
it  is  brought  round  the  face  and  connected  to  the  segment 
to  that  one  to  which  the  other  end  of  the  coil  is  joined. 
second  coil,  shown    by  open    lines   for  distinction,  starts 
the   segment  at   which  the  first  coil   terminates,   and  is  wi 
similarly   to  that   coil,    being  placed  a   little  further  round 
drum  as  shown.     Its  two  ends  are  connected  to  adjacent 
^^  ments.  and,  in  3  similar  manner,  coils  would  be  placed  all 
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U  only  one  quarter  of  that  of  the  whole  annature  in  series,! 

in  calcubting  E.M.F.,  tlic  formula,  E  =  —^,  holds  good,  p  \x 

the  number  of  active  conductor,  such  as  ab,  round  the  peript 
of  the  drum. 

The  drimi  amiaiure  is  far  more  efficient  than  any  other  ft 
and  we  may  briefly  compare  the  relative  advantages  of  ihcd 
and  ring  type  by  supposing  that  we  have  two  annaiures  of  a 
diameter,  and  having  conduciois  arranged  ronnd  them  equ 
number  and  length.  The  magnetic  resistance  offered  by  ihe  d 
armature  will  be  the  smaller,  because  the  quantity  of  iroa  i) 
core  is  greater,  and  therefore  a  given  'magneto-motive  force' 
urge  more  lines  of  force  through  it  than   through  the 


ii 


Further,  the  whole  of  the  lines  passing  through  lie  i 
armature  are  usefully  cut  by  the  conductors,  while,  in  thee 
the  ring,  some  leak  across  to  the  shaft  and  are  cut  by  the 
portions  of  the  wire  in  such  a  manner  as  to  reduce  the  main  B 
Therefore,  with  a  given  magneto -motive  force  to  ms 
lield,  the  drum  armature  will  give  a  much  higher  E.U.P.  thai 
ring  when  they  are  driven  at  equal  speeds.  Equal  E.sf. 
be  obtained  by  reducing  n,  the  number  of  lines  of  force,  or  t, 
number  of  active  conductors ;  but  the  factor  which  it  is  u 
sought  to  keep  as  low  as  possible  is  n,  the  number  of  rcvoii 
per  second.  One  great  practical  advantage  of  a  drum  armiit 
tliat  it  enables  slow-speed  machines  of  comparatively  ma 
proportions  to  be  constructed,  and  tl  will  be  observed  thai 
slow- speed  dynamos  havering  armatures  ;  indeed,  the  drum] 
having  recently  lapsed,  very  few  simple  ring  armatures  are  ncn 
in  any  but  small  machines.  Since  the  proportion  of  idle  • 
slightly  less  in  the  drum  than  in  the  ring  type,  its  con( 
resistance  is  rather  lower,  while,  on  the  other  hand,  it  has  lb« 
advantages  that  it  is  difficult  to  make  it  as  strong  mechanical 
the  ring,  the  cross-connections  are  somewhat  troublesome,  i 
a  nile,  special  arrangements  are  needed  to  ensure  suffident 
laiion. 

Having  discussed  some  of  the  theoretical  poinis  invobi 
construciion  and  action  of  dire<^t -current  dynamo : 


iwill  now  consider  the  metiiods  of  maintaining  the  field,  which, 
will  be  remembered,  must  be  as  strong  as  possible.  As  in  the 
5C  of  the  more  powerful  of  the  machines  described  in  the  pre- 
ding  chapter,  electro -magnets  (called  the  field-magnets)  are 
jployed  for  this  purpose,  and  great  care  should  be  exercised  in 
dr  design.  Practical  difficulties  and  economy  in  construction 
mewhat  influence  the  shape,  but  in  every  case  the  great  object 
ou!d  be  borne  in  mind,  viz.  the  necessity  for  leading  as  many 
les  of  force  as  possible  through  the  space  between  the  poles,  in 
lich  the  armature  is  made  to  revolve. 

The  actual  magnetising  force,  consisting  of  a  current  passing 
rough  a  coil  of  wire,  is  proportional  to  the  amperes  of  current 
iwing  and  ihe  number  of  turns  of  wire  in  the  coil,  and,  as  has 
ready  been  fully  explained  (Chapter  VII.),  the  quantity  repre- 
nied  by  the  product  of  these  two  factors  is  referred  to  as  the 
impere-turns.' 

Now,  for  any  given  machine,  the  number  of  lines  of  force 
hich  must  he  urged  through  the  armature  is  usually  determined 
rforehand,  but  as  with  every  electro- magnet,  of  whatever  design, 
lere  is  a  certain  amount  of  'leakage,'  only  a  portion  of  the  lines 
Eoerated  by  the  ampere-turns  pass  through  the  armature. 

But  power  is  expended  in  the  generation  and  maintenance  of 
le  lines  of  force,  and  those  which  are  rendered  useless  by  leakage 
(present  so  much  power  wasted.  It  is  obviously  imperative  that 
bis  waste  should  be  reduced  to  a  minimum,  and  the  greatest  pos- 
iblc  proportion  of  the  lines  developed  led  through  the  armature. 
"i-is  may  be  accomplished  by  making  the  magnetic  resistance  of 

.:  jiath  very  low.     The  whole  magnetic  circuit  should,  prefcr- 

,,  approximate  to  the  circular  form,  and  whether  good  soft  iron 
:  Vrtst-iron  is  employed,  its  sectional  area  must  be  sufficient  to 
revenl  the  saturation  point  being  readily  reached. 

The  spaces  between  the  pole-pieces  of  the  field-magnet  and 
le  core  of  the  armature  offer  considerable  magnetic  resistance, 
tiich  may  roughly  be  taken  as  nearly  proportional  to  the  distance 
awecn  the  iron  surfaces,  the  permeability  of  the  copper  wire  and 
i  insulation  being  about  the  same  as  that  of  air.     The  only  way 

overcoming  this  serious  difficulty  is  to  reduce  the  distance 
sivreen  the  iron  surfaces  as  much  as  safety  will  permit,  and,  since 
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liDMOO  dbiance  is  nearly  ihe  same  in  ma.chlnes  of  nil  liic^ 
v*e  Me  one  nason  to  account  for  the  observed  &ct  ihni  snil 
I    tfjimnos  are  less  cflkient  than  latter  ones. 

It  laast  not  be  foigotten  ihai  while  the  permeability  of  ina 
dfcreases  «ith  an  increase  of  the  magnetic  induction  tbiougb  iv 
that  of  air  remains  constant,  and  the  difTerence  between  the  pa- 
■ncafaality  of  the  nearly -saturated  iron  of  the  ficld-magnets,  and 
that  of  the  air  space,  b  never  anything  like  the  diiterence  usually 
gtvcD  for  unsaturated  soft  iron  and  air. 

TwQ  t-ety  important  considerutions  influencing  the  constnictiua 
of  6d(l-inagnets  are  economy  and  mechanical  strength,  and  in 
practice,  as  we  shall  see,  it  is  often  considered  adwsable  wbereAe 
weight  b  tinimportant  to  use  cast-iron  for  part  or  all  of  the  fidd- 
magnct  core.  It  is  preferable  to  forge  or  cast  the  cote  in  one 
piece,  as  joints  break  the  molecular  continuity  and  inctcaK  lh« 
magnetic  tesisiance  considerably;  this  disadvantage  is  mimmisol 
by  making  the  surfaces  in  contact  fit  truly.  The  principal  ptifr 
tical  objecdoD  to  the  use  of  cast-iron  is  that,  since  its  sectJona 
area  must  be  at  least  twice  that  of  wrought-iron,  a  much  i 
amount  of  copper  is  required  lo  form  the  fidd-magnet  iwt 
Copper,  even  now,  is  expensive,  while  cast-iron  cores  are  far  lea 
costly  than  equivalent  ones  of  wrought-iron,  and  the  siudaS 
should  obsen'e  how  different  makers  aim  at  true  economy  intbif 
matter.  Even  leaving  out  the  question  of  cost  and  weight,  itdoo 
not  by  any  means  follow  (as  is  sometimes  supposed)  that  a  dynann 
properly  designed  to  perform  certain  work,  and  having  casl-irooia 
its  construction,  is  inferior  lo  one  built  wholly  of  wrought-iron  10 
perform  the  same  work. 

The  composition  of  the  'ampere-turns' — that  is,  the  prcpit- 
tion  of  current  strength  to  the  number  of  convolution 
depend  largely  upon  the  manner  in  which  the  exciting  cumnt  it 
obtained ;  for  it  is  sometimes  necessary  to  have  consideraDB 
resistance  in  the  coils,  and  then  the  number  of  convolutions 
be  made  great  and  the  current  correspondingly  weak ;  while  ii 
other  cases  a  high  resistance  is  inadmissible,  when  onlyafewtono 
can  be  employed,  and  the  necessary  magneto-moiivc  force  nraC 
then  be  obtained  by  the  aid  of  a  heavy  current. 

At  the  beginning  of  this  chapter  we  referred  to  a  very  imiw- 
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«efit  following  the  commutation  of  the  current,  viz.  the 
tj  of  using  all  or  part  of  the  current  generated  in  the 
e  for  the  purpose  of  magnetising  the  field- magnets,  and 
picst  method  of  doing  this,  in  which  the  whole  of  the 
is  so  employed,  is  exemplified  in  fig.  158.     A  machine 


5  connections  made  in  the  manner  there  shown  is  known  ' 

■es  Dynamo.' 

are  the  pole-pieces  of  a  massive  horse-shoe  electro- 
j  the  armature  a  revolves  in  the  space  between  them,  b,  e, 
be  brushes  which  press  against  the  commutator,  and  by 

f  which  the  current  generated  in  the  armature  can  be  led 
lesired  point.  In  this  case,  one  end  of  the  wire  forming 
of  the  electro -magnet  is  connected  directly  to  the  brush 
Kher  end  being  joined  through  the  external  circuit  R  to 
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:r  just  described  is  ooly  self-regnlating  at  a  givenqiced ;  fcr 
at  any  other  speed  the  two  windings  do  not  compensate  eich  «htt 

In  the  case  of  a  series  machine,  iJ,  for  instance,  tiie  speed 
doubled  and  the  external  resistance  increased  sufficiently  lo  k«p 
the  current  the  same,  the  strength  of  field  would  reroain  unilttred 
and  the  e.m.f.  would  be  increased  almost,  but  not  quite,  t 


by  the  doubled  speed.     On  the  other  hand,  if,  with  a  sb 
dynamo,  by  increasing  the  external   resistance  we  maintain 
external  current  constant  when  the  speed  is  doubled.  ihectintntB 
'lie  shunt  coil,  and  therefore  the  strength  of  the  field,  inctwsd 
instead  of  remaining  the  same  as  does  that  of  a  series  dji 

if  at  the  doubled  speed  the  resistance  were  reduced  loiiukt, 
the  shunt  coil  the  same  as  at  the  lower  speed, 
itreni  y;oM\d  bt  geasl^  increased  in  strength.     "" 
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nber  of  watts  of  power  developed  therein,  or  w  =  Ec,  w 
be  number  of  watts. 

the  E.M.F.  is  equal  to  the  product  of  current  strength  and 

ice  (that  is,  e  =  c  r),  we  may  write  w  =  c  r  xc  =  c'  R— 

the  power  in  watts  developed  is  equal  to  the  resistance  in 

aultiplied  by  the  square  of  the  current  strength  in  amperes. 

the  resistance  of  the  dynamo  armature  and  magnet  coils  is 

known,  only  one  measurement,  that  of  current  strength, 

E  taken,  which  can  be  done  by  any  ammeter  of  negligibly 

[stance, 

ising,  for  example,  the  resistance  of  the  armature  to  be 

and  that  of  the  field-magnets  to  be  a  ohms,  then  the  total 

le  is  5  ohms.     When  a  current  of  10  amperes  is  generated 

any   external  resistance,  the  electrical  power  appearing 

circuit  is  equal  to  c'r  =  100  X  5  =  500  watts,  and  if  the 

is  increased  to  ao  amperes,  then  c'e  =  400  x  5  =  2,000 

IT,  in  both  cases  at  least  as  much  mechanical  power  is  re- 
to  turn  the  armature  as  appears  in  the  circuit  as  electrical 
A  certain  amount  in  excess  is  necessary  (depending  upon 
idency  of  the  machine),  because  some  energy  must  be 
in  overcoming  the  mechanical  friction  of  the  bearings,  &c., 
1  more  by  various  electrical  causes,  such  as  eddy  currents 
\  currents  which  flow  in  the  coils   during  the  period  of 

siting. 
\  main  point,  however,  upon  which  we  desire  at  present  to 
■QCress  is  that  the  increase  in  the  current  is  not,  and  never  can 
^  (Stained  without  a  corresponding  increase  in  the  power  ex- 
inded  in  turning  the  armature  ;  in  fact,  from  the  above  reasoning 
is  clear  that  in  a  series  dynamo  such  as  the  one  described,  the 
^hanical  power  expended  varies  as  the  square  of  the  strength  of 
■  current  obtained  in  the  externa!  circuit,  ignoring  the  mechani- 
power  lost  in  the  machine  during  conversion. 
The  ultimate  strength  of  the  current  is,  then,  limited  not  only 
the  saturation  of  the  field -mag  nets,  but  also  by  the  amount  of 
ircr  at  our  disposal  to  drive  the  armature  round.  The  engine, 
other  source  from  which  the  power  is  derived,  must  at  least  be 
le  to  furnish  power  equal  to  the  maximum  electrical  power  it  is 
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desired  to  obtain,  (o  which  must  also  be  added  that  vhichi 
wasted  in  friction,  &-c 

With  regard  to  the  residual  magnetism  which  is  relied  u) 
nan  the  current,  it  may  be  remarked  that  if  the  (ield-in^ntisti 
ooce  strongly  magnetised  by  a  current  passing  in  the  direction  1 
which  it  is  desired  the  currents  shall  afterwaids  bo  geneiateii,  tt 
cores  will  rarely  lose  all  traces  of  magnetism,  especially  if  of  a 
iron.  This  sometimes  happens,  however,  when  the  dj-namo  i 
moved,  and  the  magnetism  may  even  be  reversed  ;  but  ma 
easily  be  righted  by  passing  a  current,  say,  from  a  few  cells  ix 
moment  in  the  proper  direction  through  the  field-magnet  coiis. 
Hitherto,  the  d)-namD  has  been  considered  as  only  workingl 
•short  circuit'— that  is,  with  the  circuil  completed  without! 
introduction  of  any  appreciable  external  resistMice.  In  pracd 
wc  require  the  current  to  do  a  greater  or  less  amount  of  wwlr 
an  external  circuit,  suc}i  as  developing  light  in  electric  bmp 
driving  an  electro- motor.  In  such  a  case,  part  only  of  the  pi 
is  expended  in  overcoming  the  internal  resistance  (rfiat  ii;  I 
resistance  of  the  armature  and  lield- magnets)  and  maintsiningB 
field,  the  remainder  being  employed  in  the  external  circuiL  It 
easy  to  find  the  rel.-itive  amount  of  power  absorbed  in  ibcH 
parts  of  the  circuiL  Thus,  suppose  the  strength  of  the  cun 
be  40  amperes,  and  the  total  E-M.f.  to  be  So  volts,  then  dwW 
electrical  power  is  40  x  So  =  3,200  watts.  If,  now,  the  diflerM 
of  potential  between  the  two  extremities  of  the  external  a 
is  found  to  be  60  volts,  the  power  absorbed  therein  is  40KI 
=  3,400  watts,  for  ihestrengthof  the  current  is  the  same  in  lUpi 
of  the  same  circuit.  The  remaining  difference  of  poienli>l 
80— 60  =  ao  volts,  which  is  the  fall  along  the  internal  circuit, « 
which  absorbs,  therefore,  40  x  20  ^  800  watts.  In  thiswjy,! 
ratio  between  ihe  power  spent  in  the  external  and  internal  poflw 
of  the  circuit  can  in  every  case  be  measured.  The  two  endl 
the  external  circuit  above  referred  to  are  called  the  "dynanwll 
minals,'  and  the  potential  difference  thereat  can  be  measured 
any  convenient  voltmeter.  Since,  also,  the  power  spent  in  e" 
portion  can  be  calculated  by  multiplying  the  square  of  theOll 
strength  by  the  resistance  of  the  respective  portions  of  the  di 
id  as  the  current  is  the  same  in  each,  it  follows  that  the  et 
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In  tfaetfamt  djoamo  the  fidd-oiagnci  ooO^  bsuadfll 
io>Bed  op  is  series  with  the  amatore  and  estemal  caoi^ 
ogaaectcd  that  thej  fonm  a  '  shimt '  to  £b  exttmai  a 
receive,  therefbce,  onfy  a  put  of  the  cancnt  g^iwtrJ 
anBatnre,  the  pn^tortioa  depending  apoa  the  r^the  n  ' 
Fi^  ij9  shows  the  manner  in  wiudi  the  conoectnos  m 
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af  the  latier.  But  wroughl-iron  is  employed  for  the  actual 
round  which  the  field-magnet  coils  are  wound,  each  core, 
consisting  of  a  slab  of  special  soft  hammered  scrap-iron ; 
jiving  the  advantage,  previously  referred  to,  of  economising 
T  wire,  by  obtaining  the  requisite  magnetic  conductivity 
:he  minimum  sectional  area.  The  pole-pieces  are  of  grey 
^  and  the  sectional  area  of  all  the  cast-iron  portions  is 


tained  by  multiplying  togethi 
through  the  armature  by  ii 
power  developed  is  31,024  I 
absorbed  in  maintiining  the  ft 
resistance,  the  remaining  ao.J 
external  circuit. 

The  ratio  of  the  power  u 
developed  is  commonly  knowi 
dynamo,  and  in  the  case  just  d 

the  electrical  efficiency  is  slign 
necessary  to  point  out  that  a  I 
ture  resistance  would  considera 
Ignoring  for  the  moment  thi 
ism,  it  will  be  observed  that  in 
become  demagnetised  im media 
because  the  whole  of  the  currei 
a  shunt  dynamo,  however,  if  th 
broken,  there  is  an  alternative  | 
by  the  armature,  viz.  round  the 
of  the  current  will  then  pass  th 
of  only  a  portion  of  it,  the  stre 
magnet  is  always  at  its  maximi 
con  n  ec  ted ;  exactl^pposi^^^ 
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anges  in  the  external  circuit  than  the  series  dynamo,  neither 
Mil  is,  for  many  purposes,  sufficiently  'self-regulating,'  or  able 
lommodate  itself  to  these  external  variations.  We  may  require 
laiDO  to  do  one  of  two  things  :  either  {a)  to  regulate  itself 

to  send  a  constant  current  or  a  current  of  uniform  strength 
gh  the  external  circuit,  although  the  resistance  may  be  con- 
jLly  varied ;  or  (6)  we  may  require  it  to  maintain  a  eoiislant 
tial  at  the  extremities  of  the  external  circuit — that  is,  at  the 
ves— under  like  variations  of  resistance.  A  machine  cannot 
instructed  to  fulfil  both  these  requirements,  and  we  will  first 
ider  the  best  of  the  many  methods  of  maintaining  a  constant 
UiaL  This  consists  in  the  combination,  in  one  machine,  of 
eries  and  the  shunt  methods  of  winding.  The  simplest  way, 
aps,  of  viewing  the  arrangement,  is  to  consider  the  machine 

shunt-wound  one,  having  added  to  it,  round  the  magnet- 
5,  a  few  turns  of  wire  in  series  with  the  external  circuit 
1,  when  the  external  resistance  is  made  very  low,  and,  as  a 
equence,  the  current  in  the  shunt  coils  reduced  to  almost 
ing,  the  magnetic  effect  of  the  series  coils  becomes  a  niaxi- 
I,  so  that  tlie  opposite  variations  in  these  two  sets  of  coils 

to  keep  the  field  more  or  less  constant.  It  is  clear  that  the 
ess  attending  this  combination  will  depend  largely  upon  the 
er  proportions  being  given  to  the  shunt  and  series  coils,  and 
tier  to  ascertain  what  these  proportions  are  or  should  he  for 
particular  case,  we  will  now  introduce  a  convenient  method 
hich  the  variation  of  the  e.m.f.  developed  by  a  dynamo  under 
;ng  conditions  can  be  studied, 

.■et  us  start  with  the  case  of  a  series  machine,  driven  through- 
,be  experiments  at  a  constant  speed,  and  joined  up  to  a  set  of 
ble  known  resistances  which  can  be  varied  as  desired.  The 
ting  current  can  be  measured  by  any  suitable  ammeter, 
the  resistance  of  the  machine  and  of  the  external  circuit 
;  known,  the  whole  of  the  e.m.f.  developed  can  be  calculated 
he  product  of  amperes  and  ohms.  We  thus  obtain  the 
^^es  of  current  flowing  and  the  whole  of  the  volts  of  e.m.f. 
loped,  and  these  two  quantities  may  be  similarly  found  for 
■lumber  of   values  which  we  choose   to  give   the   external 
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e  ii  1(050  rerahuions  per  minu«,at 
aw  of  75  uniieres,  wiih  an  titf. 

Dc  ti^bcs  oanvst  <tf  flu  Im^  opfKr  Strips,  fixed  in  adjust- 
aUe  hdleiv  «Ucii  BC  cnied  by  die  horizontal  arms  pcojortin- 
feoM  the  luctiag  Icvex,  ai  dxnni  ta  fi^  169.  This  loer  is  pro 
nded  «iik  as  Jwl^Mg  tonrflc,  by  means  of  which  it  cm  lie 
fOCMed  m  dAs  dscctaon  nxmd  the  axis  of  the  shaft,  thus  aflbtJ 
Bg  facAia  for  akenig  the  lad  of  tbebmsbes  to  suit  therquu^^ 
■MMs.  ItB^taintaDipiufeciion  from  ihestaodardsupponin^ 
tfae  bcMin^  and  is  nade  >■  t«o  pieces  bolted  together,  so  ih.it  n 
caa  be  icad^  tightcoed  op  on  its  bearing,  or,  if  neos^*^, 
lenoved.  Hie horaootal  arms  are  insolated  from  the  lem  li 
YaaA  Sbn  oolbra;  and  Sfnal  springs,  with  adjusting  strews,:^ 
p»o»wfcdlbrTMyinetheptessnreof  tbehnishespn  thecoiiiinut37<  . 
Ibc  pnssare  being  ahrajs  as  light  as  is  consistent  with  vlkW 


The  bmslies  are  shown  lifted  from  thecoaimntntor;  and  ilmlll 
be  obsened  that  thej  can  be  adjusted  along  the  bars,  so  ^  Itl 
press  upon   different  parts  when  the  machine  is  running,  U 
thereby  distribute  the  wear.    The  commutator  is  tinned  u 
fectly  true  in  a  lathe  with  a  fine  tool  which  cuts  tbe 
cleanly  and  does  not  drag  or  burr  it  over  the  mica  strips. 

Tbe  shaft -bearings  are  of  phosphor  bronze,  and  the  nn  ofM 
pulley  is  perforated  to  afford  a  better  grip  for  the  belt 

Most  machines  are,  however,  now  made  of  the  drum  Ij 
fig.  172  illustratesadnim-annature  dynamo  constructed  by  t1 
makers.  The  general  proportions  of  the  field-magnets  are  sa 
what  similar  to  those  of  the  machine  already  described,  bi 
method  of  fixing  the  parts  together  differs.  The  tworotialtlC 
passing  through  each  of  the  pole-pieces  extend  only  »booI  ■ 
way  into  the  wrought-iron  cores.  Each  core  is  lengthened  t" 
and,  fitting  into  a  slot  in  the  cast-iron  bed-plaie,  is  held  fi 
position  by  two  horizontal  bolls  passing  through  the  solid  pi 
the  casting.  The  core  is  buih  up  in  a  manner  somewhatsi 
to  that  adopted  for  the  ring  machine,  but  the  radial  depth  of 
discs  is  somewhat  greater,  and  the  driving- spider  is  made  rf  id 
instead  of  gun-meial.    Tl\c  atmature  conductor  is  cocipo 
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in  of  corrtipffn^Hg  ordinates  and  atwMi*  I 

un-e.    The  length  of  the  side  of  1  aqtmc  ■ 

s  10  volts  or  10  amperes,  but  tn  poKtioekiib 

sheet  of  paper  di\-ided  into  ■  grWer  mab 

side  of  each  square  rcpresenliqg  i  n>lt,  or  1  a 

nay  be.    One  of  the  tx^eaxxsa  vidi  I' ' 

70-6  volts  n-cre  developed  iriien  1S-3  ampOES  wen 

nd  the  point  a  on  the  curve  is  the  resaltof  tins  pBrtiotbi 

It  is  the  point  of  interseaioa  of  the  two  ooi^ 

and  D  A,  drawn  at  right  angles  to  o  T  and  O  X  Rspec- 

\  being  18-3  units  and  d  a  70-6  tmits,  in  length  (the  ton 

(-tenth  of  the  side  of  one  of  tl»e  squares).    Ai»od>er««- 

■which  detennined  the  position  of  die  point  B,  d»o«ed  dtM 

were  flowing  when  87-4  volts  were  de»-cloped ;  thcrefcre 

e  E  B  is  made  equal  to  43  units,  and  f  B  to  87'4  i>ait&' 

ts  were  fixed  by  similar  experimenis,  and  by  ioiuBK 

i  together  the  curve  wa^  obtained.    ConwkiaUe  rxie 

exerci!icd  in  performing  the  necessary  cxpenments  to 

I  one  of  these  curves,  and  in  the  region  of  any  decided 

the  cunaiurc    the  number  of  expcnmena  must  be 

■  I  the  more  unifonn  portions  of  the  Hnt     Notwitb- 

jver,  the  exercise  of  the  gteaiest  posstble  caie,  atXBc 

are  usually  placed  a  little  out  of  pontioo,  owing  10 

error.     But   experience  and  dieory  teach  ns  that 

itioiis  ne\er  appear  in  the  cun«  of  djtiamo  inacfaincs, 

the  points  do  not  lie  exactly  on  a  r^ular  curw^  we 

irtain  extent,  correct  experimental  erron.  by  unking 

called  an  average,  wiih  the  aid  of  a  flexible  raler. 

amperes  and  volts  to  increase  in  the  same  proportion 

ihe  ■  curve '  would  be  a  straight  line  j  but  wiih  e«ery 

somewhat  simitar  to  the 
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iron  in  the  field- magnets  becomes  saturated,  and  il  if.  «  iho 
stage  that  tbe  decided  bend  in  the  characteristic  cuive  ihon 
that  the  amperes  are  increasing  faster  than  the  volts. 

It  sometimes  happens  that  by  merely  glancing  at  a  curve  « 
can  criticise  tlie  design  of  a  machine  in  some  importnnt  respects; 
for  instance,  the  effect  of  having  loo  little  iron  in  a  machine  would 
be  to  make  tbe  bend  occur  earlier  than  it  reaJly  should  do,  Otho 
points  ol  criticism  will  manifest  themselves  presently. 

Reverting  to  iig.  161,  it  will  be  seen  that  the  curve  commcnca, 
not  exactly  at  the  point  O,  but  at  a  point  a  little  way  up  tbe  lerti- 
cal  line,  thus  apparently  indicating  the  existence  of  a  small  ln-F. 
before  the  current  commences  to  flow.  This  actually  is  iheosc, 
and  results  from  the  existence,  in  the  field -magnets,  of  resiiJL 
magnetism,  which  provides  a  weak  field  and  produces  a 
E.M.F.  at  the  terminals  before  the  circuit  is  completed. 

The  two  quantities— current  and  e.m.f. — plotted  ii 
are  those  which,  when  multiplied  together,  enable  us  to  esii 
the  amount  of  power  being  developed  in  the  whole  circuit, for' 
product  of  one  volt  and  one  ampere  is  one  watt,  which  is  thee!»; 
trical  unit  of  power,  or  rate  of  expenditure  of  energy,  »w]  jfti 
walla   corrcsiH>nd   to  one  horse-power.     It  follows 
select  any  point  on  the  curve  and  readily  calculate  »l»lpcwff' 
was  being  developed  in  the  circuit  at  the  particular  momcni  ihnj 
the  point  was  determined;  for  instance,  during  the  experimtttl 
which  determined  the  position   of  the  point  a,  the  power  ' 
veloped  was  70-6  x  iS'a  =  1,284 '92  watts. 

Such  calculations  can,  in  a  measure,  be  avoided  by  the 
tion  of  another  set  of  curves  cutting  the  characteristic  at 
which  correspond  to  a  certain  horse-power  or  fraction  of 
power.  Fig.  162  is  a  copy  of  fig.  161,  with  a  number  of 
horse-power  curves  added  in  dotted  lines.  At  the  point  Mj 
the  characteristic  cuts  the  1  horse-power  line,  the  product  of' 
and  amperes  is  equal  to  746  watts,  while  at  K  it  is  equal 
^  i>49*  watts.  Now,  if  the  dynamo  is  driven  at  a  higher 
the  E.M.F.  for  a  given  current  will  be  greater^that  is,  the 
distances  will  be  relatively  greater  than  the  horizontal  onesK 
is  increased,  and  a  curve  somewhat  similar  in  sh^ 
iibove  the  existing  one,  mil  be  obtained.    Several 
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such  that  the  motion  imjiarted  to  the  spindle,  due  to  an  incrc 
of  K.M.F.,  moves  the  flat  spring  iii  the  direction  which  throm  m 
resistance  in  series  wjtli  the  field-magnet  coils,  while  if  the  rare 
moved  upwards,  the  lower  wheel  engages  with  the  fricuon  di 
and  rotates  the  spindle  in  the  reverse  direction,  redadng  tfi 
resistance  in  the  field-magnet  circuit 

The  solenoid  is  subject  to  the  same  heating  error  u  a  vcft 
meter,  and  to  minimise  this  it  is  more  frequently  wound  wid 
fairly  thick  wire,  the  temperature  of  which  rises  but  liille,  and  th 
necessary  resistance  is  obtained  by  jobing  in  series  with  ii  G( 
man  silver  coils,  which  have  a  lower  temperature  coefficient,  ai 
being  left  bare,  dissipate  heat  readily.  When  the  ^paratnsiil 
quired  to  maintain  a  constant  current,  the  solenoid  is  wound  «i 
thick  wire,  and  is  joined  up  directly  in  the  main  circuit;  tfieri 
and  fall  of  the  main  current  which  (wsses  through  it  acting  in  li 
same  way  as  a  rise  and  fall  of  iHitcntial  at  its  ends.  The  an 
horizontal  shaft  is  driven  at  about  400  revolurions  per  niinulc,jll 
the  nut  carrying  the  contact  spring  can  then  travel  otvr  d 
whole  range  in  about  ten  or  twelve  seconds.  The  flat  spring  i! : 
broad  that  the  circuit  is  never  broken  during  the  inoveiiivnl  of d 
spring,  and  a  large  number  of  coils  is  employed  in  order  thai  tl 
increase  or  decrease  of  the  resistance  shall  take  place  gradual 
The  weak  point  about  the  apparatus,  as  depicted  in  fig.  17J,  \ii 
means  adopted  for  imparting  circular  motion  to  the  light  wbed 
for,  although  the  friction  between  the  niblier  disc  and  the»l 
rim  is  at  first  quite  sufficient,  it  becomes  uncertain  and  onidiil 
if  the  rubber  gets  dirty  or  covered  with  oil.  To  overn 
difficulty  an  entirely  different  gearing  has  been  adopted  la  1 
later  apparatus,  the  essential  {larts  of  which  are  shown  in  fig.  i| 
R  is  the  contact  spring,  carried  by  the  nut  n,  working  UpOD  I 
screw  shaft  o,  up  and  down  which  the  nut  travels  according  lOl 
direction  in  which  the  screw  is  turned.  The  screw  form  I 
lower  part  of  the  vertical  spindle  f  c,  upon  the  upper  pait 
which  is  fixed  a  pin-wheel  a,  that  is,  a  flat  disc  having  a  uuml 
of  pins  fixed  parallel  to  its  a:us  at  equal  distances  round  its  < 
cumference.  Behind  the  spindle  and  parallel  to  the  plane  of  1 
two  endless  screws  d,  b,  the  upper  one  being  at  the  eoi 
the  shaft,  which  is  driven  by  a  bell  on  the  pulley  p.    By  n 
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External  Characteristic                            jog 

eristic  curve,  is  the  more  useful  of  the  two,  for  in  practice 
external  potential  difference  which  concerns  us  most. 
g.  164  the  curve  or  is  the  fjrfrrwn/ characteristic,  obtained 
e  same  machine  as  the  previous  curve,  running  at  the 
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The  bend  is  now  even  more  clearly  defin 
in  point,  the  potential  difference  falls  as 

One  reason  for  this  bending  down  is,  s 
jgnelic  saturation  of  the  iron,  and  it  is 
e  heavy  current  in  the  armature  distortin 
shows  US  then,  at  a  glance,  the  panicu 
which  we  can  get  the  ma\imum  extern 
a  given  speed,  and,  of  course,  by  inserting 
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r  by  means  of  mica,  and  from  the  bush  e  and  ring  c  by  sheets 
hite  fibre,  indicated  by  the  thick  lines  in  the  figure. 
The  armature  is  of  the  ring  type,  and  its  core  is  built  up  of  a 
ibcrof  thin  soft  iron  rings  (d,  fig.  179),  insulated  by  paratRncd 


er,  and  the  whole  firmly  clamped  together  between  two  end 
nes  by  three  delta  metal  bolts,  is,  semicircular  pieces  being 
iil)ed  out  of  the  iron  rings  to  fit  these  bolts.     A  gun-metal 


ler  with  three  radial  arms,  c,  is  keyed  on  to  the  shaft  at  each 
of  the  core,  the  bolts  passing  through  their  extremities  as  at  F. 
One  iue  of  the  machine  illustrated  in  fig.  176  has  an  output 
1,500  waits  at  100  volts  (65  amperes)  when  driven  at  1,300 
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revolutions  per  minute.     It  is  compound  wound.    Thi 
of  the  armature  is  003  ohm,  and  of  the  sbtmt  coil  1 
the  series  turns  being  wound  inside  ttie  shunt  coil 
a-sislance  of  0018  ohm.      From  these  figures  the  I 
calculate  the  power  spent  in  the  various  jKirti 
when  the  maximum  current  of  65  amperes  is  ttowiD^ 


A  general  view  of  the  dynamo  designed  by  Mr.  Gi 
and  constructed  by  Messrs.  W.  H.  Allen  &  Co.  is  given 
The  field-magnets  are  also  of  the  inverted  horse-sf 
whicJi,  it  should  be  mentioned,  Mr.  Kapp  was  the  first 
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■<*bj«t  being  to  minimise,  as  far  as  possible,  the  magnetic  leakage, 
will  be  further  explained  presently.  The  armature  in  the  ma- 
*d)ine  illustrated  is  of  the  ring  or  cylinder  type,  but  very  few  Kapp 
:hines  are  now  made  with  this  class  of  armature.  The  drum 
■nd  ring  types  arc,  however,  very  similar  in  external  nppcarance, 
'^  chief  diiference  being  that  due  to  the  greater  projection  of  the 
armature  on  account  of  the  space  taken  up  by  the  cross- 
Lions. 

tSi  and  tSz  illustrate  many  details  of  a  recently-con- 
Ittrucicd  drum  machine,  the  former  being  a  longitudinal  section, 
•ndlhe  latter  an  end  view,  half  in  section. 

Each  field-magnet  timb,  F,  consists  of  a  single  slab  of  wrought- 
\  the  lower  end  of  whicli  fits  into  a  slot  in  the  cast  iron  bed- 
ipUte.  The  bed-plate  is  solid  at  this  part,  and  the  verlical  limlis 
9n  secured  In  position  by  two  large  bolts  passing  through,  as 
jAuwn  in  fig.  i8z.  The  pule-pieces  are  bored  out  circularly  to 
liinn  the  space  in  which  the  armature  is  to  revolve,  and  the  horns 
rely  pinned  on.  Upon  the  upper  horns  is  fixed  a  board 
5H  which  acts  as  a  cover  to  protect  the  armalurc.  The  field-  . 
coils  are  of  cotton -covered  copper  wire  and  are  wound  on 
IT  bobbins  of  thin  shSet  steel,  t  b,  insulated  with  varnished 
laper,  the  bobbins  being  slipped  over  the  cores  after  the  wire  ha* 
fcreu  wound. 

The  construction  of  the  armature,  which  is  well-d'Mjrn'ii  .iml 
'■fciill  wilhextremecare,  is  shown  in  fig.  181.    h  is  a  'a-.i  iron  Iml,, 
*sving  three  radia!  arms,  w  ;  it  is  securely  kej'cd  on  to  tin-  ■■m-\ 
Jtiuft,  its  length  along  the  shaft  being  equal  to  the  l>  ti^^ili  of  thi: 
"Inished  core.     The  extremities  of  the  anns  are  pl.-m'd  to  fi'  info 
notches  in  the  core  plates,  C,  as  shown  in  fi^  %'^.\,  wiii'.h  '' 
*ccuon  through  the  armature  core  and  hub  taken  at  tvj\,K  ■ 
lo  the  shaft.     The  core  plates  are  of  thin  cliarr/^ial  i' 
tvcen  them  at  equal  intervals  are  placed  three  \P 
rigid  plates,  which  are  kept  a  little  distance  apart  b' 
fibre,  thus  affording  spaces  for  the  drcnbtif^n  of' 
irposcs.     The  plates  are  separately  well  tarnuAi 
I,  and  while  under  hi^  presure  betwef.-ri  t«m< 
;  cote  is  slotted  to  receive  the  anns,  w,  of  the 
;  of  figs.  181  and  183  cofrespondi.    lo  the  li 
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is  shown  directly  below  the  shaft,  while  above  it  is  the  air-sp 
\,  between  the  other  two  arms. 

At  one  end  of  the  shaft  is  provided  a  solid  boss,  k,  and  aga 
this  bears  a  cast-iron  plate,  p,  in  which  are  inlets,  dd,  for 
passage  of  air.  The  core  is  held  between  Panda  similar  end-pl 
which  is  secured  by  a  steel  nut,  n,  screwed  on  to  the  sli 
Fi,-,  ,,,.  The  ventilation  is  thus  most  i 

cient,  for  the  air  can  enter  d 
each  end-plate  by  ojienings  sinii 
to  D,  and  find  its  way  along  tb 
spaces,  s,  between  tlie  hub  and  ca 
plates,  leaving  by  the  openings  bi 
Mieen  the  rigid  plate; 
arrrri'd  to. 

Jlcfcire  being  wound  thecoiei 
turned  in  a  lathe  to  obtain  a  pi 
feclly  cylindrical  and  smooth  si 
face.  At  internals  round  the  thitli 
plates  there  are  imijeiiions,  which  serve  to  drive  the  COndutW 
and  prevent  its  being  stripped.  These  projections  a 
on  the  middle  pair  of  plates  in  fig.  i8i,  and,  in  addilioi 
horns,  the  completed  armature  is  bound  round  in  se\e 
witli  thin  strong  wire  which  effectually  overcomes  any  tendcnc 
towards  bulging  or  stripping. 

There  are  204  active  conductors  round  the  peripherj-  of  di 
armature,  each  consisting  of  a  straight  strip  or  bar  of  cori 
o'02i5  sq.  in.  in  sectional  area,  insulated  with  a  double  coQ 
covering.  They  project  to  different  distances  over  tlie  edge 
the  core,  and  are  soldered  to  the  ends  of  peculiarly  shaped  ci 
strips  which  form  the  cross  connections. 

One  of  these  connecting  strips  is  shown  in  fig.  184.  It  i 
stamping  of  sheet  copper  aiid  forms  almost,  but  not  quite,  a  se 
circle,  because  it  is  required  to  extend  round  the  end  of 
armature  just  far  enough  to  connect  two  bars  which  are  almosli 
opposite  extremities  of  a  diameter.  The  connector  is  placed  wi 
its  plane  parallel  to  the  plane  of  the  core  discs,  and  the  two  OT 
end-pieces  or  tags,  ee,  are  bent  round  at  the  part  shown  bfll 
dolled  lines  umi\  tlie^  are  a.VT^^iVi^.a.n^'ies  to  the  other  portion  of  ' 
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snds  of  the  two  conductors  which  are  to  be  joined  toge- 
iered  to  these  pieces  (e  e).  In  fig.  iSi  [he  conductor 
ed  to  the  tag  e.  Each  section  of  the  armature  consists 
alutions,  that  is,  four  active  conductors,  and  the  cross- 
)ccupy  a  comparatively  small  space,  a  section  through 
r  them  being  shown  at  l  l.    Over  the  shoulder  of  each 

fixed  a  cast-iron  ring,  t,  with  a  wide  deep  groove  in 
mnectors  are  placed,  each  well 
F  being  over-wound  with  tape 
I  shellac  varnish.  There  are  f 
■S  in  the  commutator,  and  the 
aiding  them  in  position  is  shown 
udinal  section.  They  have  two 
les,  into  which  fit  rings  of  hard 
ibre,  the  sections  through  whicli 
lack  in  the  figure,  and  it  will  be 
U  there  is  a  deep  groove  on  the 
'each  ring.  A  gun-metal  sleeve 
I  to  the  shaft,  one  end  fitting 
Dve  of  one  insulating  ring,  while 
ait  round  the  other  end  for  a 
when  screwed  up  home,  presses 
1  ring  into  the  groove  of  the 
ing.  The  commutator  bars 
om  each  other   by  mica,  and  / 

is  divided  into  two  indepen-  I 
ttable  parts,  this  being  a  better 
t  than  one  wide  brush,  which  would  probably  wear 
d,  in  consequence,  cause  a  considerable  variation  in  the 
surface  contact.  The  sectional  view  also  shows  the 
rhich  the  rocking  Imt  is  carried  round  a  groove  at  the 
cast-iron  standard,  and  the  fixing  of  the  horizontal 
les,  which  are  insulated  from  the  rocking  bar  by  hard 
I,  Various  otiier  mechanical  details  are  set  forth  in  the 
It  perhaps  it  should  be  mentioned  that  the  radial  lines 
liter  edge  of  the  armature  in  fig.  i8a  indicate  the  edges 
[pieces,  ee,  of  the  connectors. 
K^ine   is    shunt-wound,   and,   when   driven  at  680 
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I  lines. 

The  unit  of  magnetic 
by  Mr.  Kapp,  who  considered  it 
posL-s  than  that  based  on  the  c 
C'lual  to  6,000  c.G.s.  lines,  and  I 
squnre  inch  instead  of  the  squai 
perhajK,  in  some  respects,  un 
probably  survive,  as  it  is  alreadj 
manufacturers.  The  conversion ; 
of  course,  be  accomplished  wit 
that  one  square  inch  contains  ab 

Therefore  the  magnetic  indui 
above  referred  to  is  about 
magnet  1 1,100  c.g.s.  units. 

Many  forms  of  dynamo 
Mr.  Edison.  In  some  of  the  eo 
sisted  of  a  number  of  straight  el 
divided  into  two  sets,  terminatin 
between  which  the  armature  revi 
was  essentially  bad,  on  acc^iunt 
quired  as  compared  with  the  n 
most  economical  form  in  this  re, 

Since  the  laws  which  govern 
better  understood,  Edison's  &d 


cally  short -circuits   the  pole-pieces,  and   aflfords  a   path 
hich  some  of  the  lines  of  force  leak,  instead  of  passing 
On  the  other  hand,  there  is  the  advantage 
of  gravity  of  the  moving  parts  is  kept  low,  thtia  ■ 


ability  of  the  machine,  and  also  in  some  cases 
:ih"ties  for  driving  direct  from  a  steam-engine  fixed  upon 
3-pIate.     In  ihc  machine  under  notice  iVis  \taV3.^e  \s 
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ir.uis,    develops 

TI)c  la 
1  and  of  tbe 

icon  in  tbe  annal 
':  ituiuclioa  tbm 
>i  C3(  h  limb  ti  tl 
c;  -  .  lOtiutrtKNl   ifann^ 

The  anit  of  nmgngtic  jndnrtion  here  wtJfaicd 
tqr  Mc  Kapp^  «iK>  considcTed  it  moce  saiubfe 
poses  UuB  ifaat  based  on  the  cos.  qratctn.  I 
cqol  to  ti^ooo  CCS.  Iine%  axid  d»e  anir  of  vn 
sooare  indt  itwfwt  of  ibe  square  cenciraetic 
pcrtMipa.  ta  soate  respects,  nnfonunate ;  bm 
pmfaabljr  sarviTe^  as  it  is  already  used  \jf  the  m 
iiwiiJH  iiiii  I  The  cooTerswn finca  one  ^steni 
of  cnars^  be  acoompUsbed  viiboot  modi  lata 
Aat  one  square  inch  coiuains  about  6-45 

Therefore  the  m^netic  tndiKtion  tbro 
above  refctved  (o  b  lUioat  iS,6oa,  aad  1 
magnet  11,100  ccs.  units. 

Man;  fbnns  of  djmamo 
lit.  Edisao.  In  socne  of  the 
SBted  of  a  number  of  stiaigbt 
divided  into  two  sets,  t«naia 
Uiftcu  i^kh  die  annature 
tnx  esscntiallj  hM^  on  accoi 
qaiwi  aa  OMBpared  with  ihe 
BOCK  eooooaucal  fann  in  this 

Siace  the  hws  which  gorvi 


provided  with  aa^  massive  l 

pcovcmeat  made  00  the  Biach  r 
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|Tlus  type  of  dynamo  is  additionally  interesting  from  the  fact 
iU  it  has  been  carefully  studied  and  tested  by  the  Drs.  Hopkin- 
n,  the  resuhs  having  been  published  in  various  papers.  The 
•ject  was  {a)  to  endeavour  to  gain  such  information  as  would 
lable  the  performance  of  a  djnamo  to  be  predicted,  when  its 
«ifi|uration  and  the  various  dimensions  and  qualities  of  the 
aierial  employed  {especially  the  iron)  are  known ;  and  therefore 
►  to  enable  any  machine  desired  to  give  certain  results  at  a 
n.iin  speed,  to  be  designed  with  the  greatest  accuracy. 

IV'e  know  that  in  every  machine  the  magnetising  force  required 
develop  tlie  field  in  which  the  armature  rotates  is  always  in 
:ess  of  that  usefully  employed  ;  or,  in  other  words,  more  lines  ot 
:«  are  generated  than  actually  pass  through  the  armature  core, 

difference  being  caused  by  leakage  at  various  pomts 

We  will  briefly  describe  one  portion  of  the  e\periments  with 

view  of  enabling  the  student  to  belter  judge  of  the  amount 
I  locality  of  such  leakage  in  any  given  niadime 
The  portion  of  the  experiments  referred  to  consisted  in  the 
L  place  of  determining  exactly  the  ratio  of  lines  of  force  actually 


I,  to  the  lines  passing  through  the  annature  core.     This 
I  of  course  always  be  greater  than  unity,  and    may  be 


lS6,  a  macliine  with  rectangular  cores  is  shown  in 
od  lines  of  force  are  sketched  to  roughly  indicate  the 
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])iincipal  jiaths  of  the  leakage.  Some  of  ihe  1 
from  one  limb  to  the  other,  others  leak  out  of  ti 
pole-pieces,  while  many  pass  through  the  arched 
(on  which  ihe  pole-pieces  rest),  down  tmo  the  iron 
We  have  previously  mentioned  that  it  is  possil 
the  number  of  lines  of  force  culling  or  cut  by  a  i 
iwo  or  more  given  fields,  by  placing  a  galvanom 
with  llie  coil  and  observing  the  deflections,  Aj 
E.%[.F.  is  usually  comparatively  low,  the  galvanot 
.1  delicate  one,  and  it  is  usual  lo  employ  one  in 
strongly  magnetised  needle  is  suspended  by  a  silk 
coil  of  many  turns,  the  deflections  of  the  needle  b 
dent  by  the  movement  of  a  beam  of  light  reflected 
liy  a  small  mirror  fixed  to  the  magnet.  But  in  su 
necessary  that  the  needle  shall  not  begin  to  mov6 
position  until  the  whole  of  the  brief  current  has  i 
through  the  coil,  and  it  is  preferable  to  make  (be 
and  somewhat  heavy,  avoiding  as  far  as  possible  tht 
of  any  damping  effect  The  number  of  divisionsoo 
veiled  over  by  the  beam  of  light  may  then  be  latcn  « 
to  tlie  E.w.F.  developed,  and  therefore  to  thej 
of  force  cut. 

In  (he  experiments  under  notice  ao 
maintained  through  the  field-magnet  CO^^ 
armature  being  disconnected.     A  single 
then  wound  round  the  middle  of  one  lifflo-ft 
wire  being  joined  to  an  instriinicnt  stieh-i 
and  known  as  a  ballistic  galvarii 
the  field-magnet  coils  were  :-\' 
ping  the  current  in  them,  and  ii 
the  single  turn  of  wire  ar  I  imn.^-— 
passing  through  the  gal^.tri-    letcr^ 
a  moment     The  nucdk- 
the  short-circuiting  ci-ii 
suddenly  passing  the  cuti 
of  force  in  springing  out«, 

^BU<-'nt  which  defiected  tl 

^^^He  opposite  direction  t] 
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E  mean  of  the  two  deflections  was  264  divisions,  which, 

e  small  amount  of  residual  magnetism,  may  be  taken 

(onal  to  the  induction  in,  or  the  number  of  lines  of  force 

,  the  field-magnet  limb.      The  next  step  was  to 

;   proportion    of  these   lines   passed   through   the 

s  of  the  drum  type,  each  coil  consisting  of  one 

leading  from  the  galvanometer  were  soldered  one  to 
adjacent  commutator  bars,  and  the  armature  placed  so    1 

of  the  coil  connected  to  those  bars  lay  at  right  angles 

force. 

rid-magnets  were  excited  as  before  by  a  current  of 
S,  and  the  deflection  noticed  first  when  the  current  in 
topped  by  short-circuiting,  and  again  when  the  current 
nnd  them  a  second  time,  so  as  to  suddenly  withdraw  lines 
m,  and  then  to  thrust  them  through  the  armature  core, 
of  these  two  deflections  was  200  divisions,  and  therefore 
tion  through  field-magnels       264 


don  through  armature 


^o  =  ^'3^ 


sajr,  2434  per  cent  of  the  total  number  of  lines  of 

ited  failed  to  reach  the  armature  core  owing  to  leakage. 

lis  method  does  not  give  us  the  actual  number  of  lines 

CCS.  units,  it  nevertheless  gives  the  proportion  cor- 

in  these  experiments  the  number  passing  through  the 

i  estimated  in  c.G.S.  units  by  running  the  machine 

speed   and  measuring  the  resulting  e.m.f.  without 

current  to  pass  through  the  armature  and  distort  the 

the  actual  number  of  lines  in  any  other  part  of  ihe 

ircuit  could  be  found  by  simple  proportion.     Having 

t  24*24  per  cent  of  the  lines  of  force  were  lost  liy 

next  step  was  to  localise  that  leakage,  that  is,  to 

■what  points  it  occurred.     This  time  the  galvanometer, 

isensitively  adjusted,  gave  a  mean  deflection  of  115 

ihh  one  turn  round  the  middle  of  one  limb,  when  a 

j5'6  amperes  through  tlie  field-magnets  was  suddenly 

stopped  as  before.     Four   convolutions  were  then 

the  bed-plate  directly  under  the  armature  shaft,  and. 
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the  cmrent  being  stopped  and  started  in  the  ficld-magneti,  A 
galvanonaeter  indicated  a  mean  deflection  of  50'25  divisions,  d 
to  the  lines  of  force  which  leaiced  through  the  Ijed -plate  and  a 
the  four  convolutions  wound  round  it  Four  turnswere  employ 
in  order  to  get  a  fairly  high  deflection.  The  induced  elm.f.  beu) 
however,  four  times  that  which  would  be  obtained  with  one  tu 
it  becomes  necessarj',  to  enable  this  result  to  be  compared  v 
the  pro-ious  one,  to  reduce  it  to  the  value  of  one  convolutta 
tiius: 

^  — ^  =  126  ditisions,  nearly. 

The  leal^age  through  the  space  between  the  field-magnet  irml 
was  measured  with  a  coil  of  ten  turns  wound  on  a  square  fni 
and  by  a  similar  calculation  was  found  to  he  proportional  to  ei} 
divisions  with  one  convolution. 

The  horns  of  the  oniosiie  pole-pieces  a|tproach  each  Oil 
both  abcne  and  below  the  armature  to  wiihm  127  centimnn 
the  depth  of  each  being  8  cenlinictres.  The  leakage  acm»  tJt 
ol  these  gaps  was  found  to  be  i'6  divisions,  or  yi  dmsionsi 
the  two.  Reducing  these  losses  to  percentages  ol  Itie  id 
induction,  we  have 

The  leakage  tliroujih  the  zinc  plate  and  1  , 

iron  base  .         .  j  ^  '^ 

The  gaps  between  the  horns  account  for  jS     „ 

And  llie  area  between  the  limbs  7-0      „ 

Makir»g  a  total  loss  accounted  for  ,         ao'i 

Out  of  an  obsen-ed  loss  of   .         .         ,         a4'J4 

The  leakage  through  the  shaft  and  from  pole-piece  lo  )*oktii^ 
one  pole -piece  to  the  other  by  exterior  lines  will  account  totlW 
remainder. 

This  ratio,  v,  will,  of  course,  vary  slightly  with  diOercid  a 
citing  currents  in  the  field-magnet  coils,  especially  when  the  n 
approaches  the  saturation  point,  because,  the  permeability  c(  ft 
iron  decreasing  with  the  induction  through  it,  while  that  cjtbelil 
remains  constant,  the  proportion  of  leakage  will  be  greater. 

These  experiments  constituted  the  first  definite  aitempll^ 
iver  the  extent  and  the  locality  of  the  leakage  of  lines  of  fa 


^ 
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generated  by  the  current  in  the  field-magnet  coils,  and  it  will  be 
seen  that  almost  a  quarter  of  the  power  spent  for  the  purpose  of 
developing  the  field  in  this  particular  case  was  wasted.  The 
large  proportion  of  the  leakage  for  which  the  bed-plate  accounts 
shows  the  great  advantage  pertaining  to  tiie  inverted  horse-shoe 
(brm  of  (ield-magnet.  It  is  to  he  regretted  that  the  other  types  of 
field-magnet  which  are  now  extensively  employed  have  not  been 
subjected  to  similar  experimental  examination,  but  a  study  of 
Ifaese  experiments,  together  with  those  made  in  connection  with 
the  machine  next  to  be  described,  should  enable  the  student  to 
make  a  very  fair  estimation  in  any  ordinary  case. 

It  would,  for  instance,  be  safe  to  predict  that  for  a  given 
magnetic  saturation  of  the  iron,  comparatively  httle  magnetic 
leakage  would  lake  place  with  the  machine  depicted  in  fig.  175, 
for  the  brackets  are  made  of  gun-metal,  and,  excepting  the  shaft, 
there  is  practically  no  magnetic  metal  employed  which  would  tend 
lo  increase  the  leakage.  In  this  respect  this  machine  is  probably 
the  best  of  any  we  are  acquainted  with  ;  but  we  may  again  remark 
that  the  amount  of  leakage  also  depends  largely  upon  the  degree 
of  saturation  of  the  iron,  and  upon  the  magnetic  resisLince  of  the 
whole  magnetic  circuit.  On  the  other  hand,  it  would  be  false 
economy  to  make  the  leakage  extremely  low,  if  the  extra  expense 
incurred  in  so  doing  were  out  of  proportion  to  the  cost  of  the  power 
which  would  otherwise  be  wasted  in  the  generation  of  the  field. 

The  '  Manchester '  dynamo,  made  by  Messrs.  Mather  &  Piatt, 
is  illustrated  in  fig.  1S7.  The  arrangement  of  the  field-magnets 
differs  somewhat  from  that  in  the  machines  hitherto  described. 
Two  electro- magnets  are  fixed  vertically  with  their  like  poles 
Uppermost,  the  similar  poles  being  in  each  case  joined  together 
by  massive  iron  yokes,  shaped  as  shown,  so  as  to  form  the  pole- 
pieces  between  which  the  armature  rotates.  The  lines  of  force 
due  to  the  field-magnet  coils  are  thereby  provided  with  an  easy 
path  for  completing  their  respective  circuits,  and  an  intense  field 
is  projected  through  the  armature.  The  vertical  members  of  the 
field-magnets  are  of  wiought-iron,  let  into  the  horizontal  yokes, 
which,  being  of  cast-iron,  have  about  twice  the  sectional  area  of  the 
cotes.  The  lower  casting  is  extended  on  both  sides  so  as  to  form  the 
bed-plate  of  the  machine,  and  the  centre  of  gravity  of  the 
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parts  being  low,  it  is  comparatively  easy  to  rigidly  6x  the  machine 
in  order  lo  obtain  great  steadiness  in  running. 

The  shaft  carrying  the  annatore  is  made  of  Bessemer  stetl, 
the  bearings  being  of  gun-metal,  and  a  free  space  along  the  shall 
is  provided  toadmil  air  for  ventilating  the  armature.  Whendriven 
at  1,100  revolutions  per  minute,  the  macliine  illustrated,  whicha 


com  pound- wound  to  maintain  a  potential  diOerence  of  100  n 
is  capable  of  generating  a  current  of  80  amperes  or  a  niaximi^ 
output  of  8,000  watts. 

The  commutator  in  all  dynamos  of  this  type  consists  of  fon 
bars  of  hard-drawn  copper  insulated  with  mica.  Each  arm  of ' 
rocking-bar  carries  two  brushes,  each  brush  being  independeU 
adjustable  for  the  reasons  already  explained.  I'he  diametal^ 
commutation  with  machines  of  this  class,  in  which  the  d 
of  the  lines  of  force  through  the  armature  is  vertical,  approximaltl 
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D  the  horizontal,  and  this  position  in  the  Manchester  machine  is 
lore  nearly  approached  in  consequence  of  a  peculiarity  in  the 
urvature  of  the  pole-pieces.  Instead  of  the  polar  surfaces  being 
lade  concentric  with  the  armature,  they  are  struck  from  a  radius 
reater  than  that  from  the  centre  of  the  shaft,  so  that  the  pole- 
ieces  are  brought  slightly  nearer  the  armature  at  points  opposite 
tie  extremities  of  its  vertical  diameter.  The  lines  of  force  are 
herefore  more  concentrated  at  these  places,  which  reduces  the 
listortion,  and,  increasing  the  activity  of  the  most  active  or  vertical 
oils,  decreases  that  of  those  near  the  neutral  point. 

The  armature  is  of  the  ring  type,  the  core  consisting  of  the 
isual  thin  iron  discs  clamped  between  the  ends  of  a  gun-metal 
nunc.  The  arms  of  this  frame,  which  fit  into  slots  in  the  discs, 
ire  free  of  the  shaft,  so  that  a  clear  space  for  ventilation  is  re- 
ained.  The  end-plate  nearest  the  commutator  is  keyed  to  the 
;haft,  while  the  other  is  held  up  tight  against  the  plates  by  means 
of  a  nut.  The  wire  is  wound  in  forty  pairs  of  coils,  the  resistance 
from  brush  to  brush  being  0-084  ohm. 

The  shunt  coils  on  the  field-magnet  have  a  resistance  ol 
41-5  ohms,  and  the  series  coils,  which  are  wound  outside  the  shunt 
coils,  have  a  resistance  of  0049  ohm. 

The  gross  weight  of  the  machine  is  10  J  cwt. 
The  brothers  Hopkinson  also  made  on  this  machine  some 
experiments  similar  to  those  already  described,  and  we  may  briefly 
lefer  to  the  simpler  of  the  experiments  which  show  the  percentage 
and  the  locality  of  the  leakage  of  the  lines  of  force.  Fig.  1 88  gives 
an  outline  of  the  machine,  and  shows  the  various  positions  of  the 
testing-coils.  As  in  the  other  experiments,  the  armature  was  dis- 
connected, and  a  constant  current  obtained  from  an  independent 
*>urce  to  magnetise  the  field-magnets,  the  lines  of  force  being 
made  to  cut  the  testing-coii  by  suddenly  starting  and  stopping  the 
Current  in  the  field-magnets,  and  the  mean  of  the  two  observed 
■leBections  of  the  ballistic  galvanometer  calculated  as  before.  In 
*»«  first  experiment  four  turns  were  taken  round  the  middle  of 
tie  limb  at  a  a,  and  the  mean  deflection  was  observed  to  be  214 
tivisions.  But  as  with  a  single  turn  of  wire  only  one-fourth  of 
Kis  would  have  been  obtained,  —■  =  ^y$  rcpresenls  the  total  in- 
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ibvialed  by  employing  a  large  number  of  teeth  and  making 
nee  between  them  very  small,  so  that  the  oscillation  of  the 
ery  slight— indeed,  practically  imperceptible.  One  section 
mature  is  wound  in  each  slot,  which  is  just  wide  enough 
a  single  insulated  wire,  and  deep  enough  to  hold  the 
of  wires  in  each  section. 

e  armature  shown  in  fig.  190  each  section  consists  of  six 
ions,  so  that  there  are  six  wires  in  each  slot.  If  the  slots 
le  too  deep,  some  of  the  lines  of  force  would  not  be  cut 
iner  wires  ;  in  the  present  case,  the  number  thus  missed 
Dall,  practically  none  being  lost  in  armatures  having  but 
in  each  section.  The  core  is  built  up  of  thin  discs 
of  the  shape  shown  in  the  sectional  figure.    Ths 


les  are  hexagonal,  and  the  plates  or  discs  are  threaded 
I  hexagonal  steel  shaft,  so  that  each  one  is  driven  direct 
This,  added  to  the  fact  already  mentioned,  that  the  wire 
1  in  deep  and  narrow  slots,  makes  the  armature  as  a  whole 
aJly  strong,  there  being  little  risk  of  a  sudden  stress 
be  core  or  stripping  the  conductor  from  its  place.  There 
uually  lai^e  proportion  of  iron  in  the  core ;  in  fact,  the 
jthe  space,  except  llie  small  amount  taken  up  by  the  insu- 
leriaj,  is  occupied  by  the  iron  pktes  and  steel  shaft,  no 
I  whatever  being  made  for  ventilation,  Itwill  beobscrved, 
Out  a  large  amount  of  the  iron  core  (the  edges  of  the 
n  direct  contact  with  the  air,  and  as  the  armature  rotates 
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the  heat  is  carried  oflf  by  convection,  ihus  picieniing  anf 
rise  in  temperature.  The  facility  alTorded  in  this  way  to 
dissipation  of  the  heat  generated  in  the  coiu,  gives 
Pacinotti  ring  one  very  important  ad%-antage.  The  com 
sections  or  bars  are  insulated  with  mica,  rings  of  asbesia 
fibre  being  employed  at  the  ends  of  the  bars  to  insuhie 
from  the  clajii ping- nut  and  washer  by  which  ihcy  are  hi 
position. 

When  the  machine  is  compound  wound,  the  series 
usually  wound  on  the  top  magnet  cores.     Should  the  seri( 
not  3ccupy  the  whole  of  the  wire<space,  it  is  filled  up  with 
tion  of  the  shunt  wire,  which  also  occupies  the  whole  of  the 
on  the  lower  magnet  cores. 

For  large  machines,  sheet  copper,  insulated  with  strips  of  < 
is  used  for  the  series  winding. 

The  following  details  concerning  one  of  these  machine^ 
recently  construcled  to  give  iz.ooo  waits  at  an  £.m.f.  of  i 
when  driven  at  7 1 o  revolutions,  will  be  of  scnice. 

The  ariiuturc  is  wound  in  fifty-two  sections,  each  of 
volutions,  so  that  there  are  fifty-two  bars  in  the  commuut 
twii  wires  in  each  slot  The  sectional  area  of  the  casL-ira 
nugnet  cores  is  considerably  greater  than  that  of  the 
core,  the  former  being  98  and  the  btter  297  square  inch 
maximum  magnetic  induction  through  the  armature  ooR 
33  Kapp  lines  per  square  inch,  or  about  31,000  CJOS. 
s<iu:tre  centimetre. 

The  armatute  conductor  b  of  braided  wire,  wtf 
insulated  from  the  core  and  from  the  adjacent  wine  in  \ 
slot,  and  the  current  density  tn  tlic  conductor,  with  190' 
is  3,110  amperes  per  square  inch. 

The  series  winding  on  each  of  the  top  limbs  conngUfl 
ciglil  turns  of  sheet  copper,  45  inches  wide  and  0*015  ^ 
having  a  resistance  of  00114-,  and  giving,  with  tbe  | 
current,  3,360  ampere  turns. 

;  resisUnce  of  the  shunt  coils  is  33-4-,  the  ampe 
e  potential  difference  of  too  volts,  being  6,468. 
fcmay  from  the  above  easily  determine  the  number 
tic  sMMUs  ^rts  of  the  circuit,  retacmberine 
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Ljnount  cJevcIuped   in    the   external   circuit  when  the 
SUiTcnt    is   being    obtained   will    be  Ec  ^  loo  x  120  =  i: 
watts.     Thus, 

Shunt    coils       33'4",  watts  lost  with  100  volts       =  308 


Series 


3?-4",  watts  lost  w 
o*o45".      »  >i 


mperes  =  178 


Fig.  191  illustrates  the  'Trade'  dynamo  of  Messrs,  Crompton 
^  Co.     It  is  somewhat  simibr  to  the  Manchester  dynamo,  and  to 


its 


1  the  greatest  difference  of  poiential.  From  the  negative  to 
ftie  positive  brush  either  way  round  the  commutator,  the  potential 
gradually  increases  in  value,  and  if  the  negative  brush  were  shifted, 
"3.,  2o-  forward,  it  would  touch  at  a  point  of  higher  potential,  and 

.i-equently  the  dijfercme  between  the  two  brushes  would  be  re- 

■  fd.  A  like  reduction  would  follow  if  the  positive  brush  were 
-ii-Atd  forward,  because  it  would  then  make  contact  at  a  point  of 
ower  potential ;  and  in  the  third  case  the  difference  of  potential 
■etween  the  two  might  be  decreased  by  giving  them  simultaneously 
greater  angle  of  lead,  until  they  would  be  at  nearly  the  same 
Otential  when  moved  through  an  angle  of  go°. 

It  follows  that  by  merely  shifting  the  brushes  the  potential 
ifference  at  the  terminals  may  be  made  what  we  please  from  the 
aximum  downwards,  and  this  method  might  be  employed  to  vary 
le  pressure,  and  therefore  the  current,  to  suit  the  requirements  of 
le  circuit.  Thus  the  brushes  might  be  set  20°  ahead  of  their  normal 
usitiou  of  no  sparking — that  is,  where  the  difference  of  potential 
etween  them  is  at  a  maximum—  and  then,  if  the  current  became 
K)  strong,  the  brushes  could  be  shifted  yet  further  ahead,  thus  re- 
iicing  the  potential  difference  and  also  the  current ;  while  by  inov- 
>;;  the  brushes  back  towards  their  normal  position,  the  current  could 
e  increased  in  strength,  should  it  fall  below  the  desired  value. 

This  would,  however,  be  impracticable  in  an  ordinary  dynamo, 
iti  iccount  of  the  terrific  sparking  which  would  ensue  ;  and  one  of 
he  principal  features  in  Mr.  Statter's  machine  is  the  method  by 
?hich  he  renders  it  possible  to  vary  the  lead  of  the  brushes  through 
cunsiderable  angle,  without  causing  this  sparking. 

( Confining  our  attention  at  present  to  the  case  of  ring  arma- 
;  jj.it  will  be  remembered  that  when  a  coil  which  is  carrying  the 
*uule  of  the  current  generated  in  one  half  of  the  armature  is 
'hort- circuited  I  y  the  brush,  the  electro-magnetic  inertia  of  the 
«il,  due  to  its  self-induction,  prevents  the  insLintaneous  cessation 
if  the  current ;  and  thai  even  if  the  coil  is  comniulated  at  the 
loment  when  its  plane  is  exactly  at  right  angles  to  the  field  and 
lerefore  in  itself  inactive,  yet  there  will  be  a  considerable  spark 
lused  by  what  we  may  term  the  self- indue  lion  current  in  the  coil. 
or  this  reason  it  is  found  to  be  necessary  to  give  the  brushes  a 
ighl  extra  lead  so  that  the  coil  may  begin  to  cut  lines  of  force. 
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wad  teie  ai^Ded  la  it  an  ofifwsmg  c.M.r  sulBciently  ilnin; 
fMt  co^Maa  tiw  ^f-jndunkw  cfieo,  and  stop  the  cumni 
Ae  ooi  Mow  dc  brash  lores  Its  tncnmitutar  ban.  Kotl' 
E  fftaaa  is  the  citn  lead  teqnired  to  lil 
Tbe  edn  kstd  also  inoeases  with  the  I 
a  viaA  indwidual  cnfl,  white  id  dw  case  of  some  n 
rnig  faa  ODC  or  i«o  axivolutioos  in  each  seciion,il 


It  maSL  be  Koaa^Kied  that  this  extra  lead  is  not  due  to  t 
**"T"''  itf  Ae  Ud,  bat  is  amply  requited  to  prevent  tbe 


bU  otbenn 


lauk  fiom  the  self-hiductionoflbecd 


s  it  be  fa»goiieo  diat  if  tbe  cntrent  is  kept 
■a  aref^ib,  the  E.M.r.  ifaas  required  to  be  coimlertakncH  itf 
aaioe  «ticlfaer  tbe  coil  is  sboft-drctiited  at  io°,  20',  or  j 
ahead  of  tbe  oonml  poniioa.  Id  an  ofdioary  field  the  activitf 
tbe  cod  i»ww«c«ic  vitb  sacb  npidity  as  it  le^ik'es  the  ncu 
poutioD,  that  tbe  adf-indiKlive  effect  is  more  than  balanced,  1 
there  is  a  itmaining  B.it.F.  opposite  in  direction  induced  b]> 
field  on  tbe  cod,  vtiidi  is  then  competent  to  cause  sparluog- 

Bot  if  tbe  6eM  were  made  aniTonn  and  of  such 
for  a  certain  distance  bcyood  the  neutral  point— sa^ 
an^  ol  40" — the  number  of  lines  cut  by  the  cofl  at 
in  that  angular  space  was  just  sufficient  to  count 
K-ltF.  of  sdf-tndoction,  then  the  potential  difference  at  ihn 
the  coil  thrcn^hout  that  range  would  be  itil,  and  no 
would  ensue  if  it  were  short-circuited. 

This  is  Mr.  Statter's  method  ;   and  in  order  to  allow 
field  to  be  employed,  each  coil  contains  an  unusually  lar|;e 
bcrof  convolutions,  there  being  also  plenty  of  iron  inilienniB 
so  that  a  strong  field  is  required  to  counterbalance  tin;  i-*: 
high  self-inductive  effea.      Portions  of  the   pole-pieces   ir. 
away  at  such  points  as  will  make  the  densily  of  the  Imi-    1 
entering  the  armature  over  a  given  angle  equal;  an]  li 
places  where  the  field  has  to  be  increased  or  reduced  !■■ 
are  ascertained  by  experimenting  in  the  following  nunii  1 
A  series  machine  is  constructed  in  the  ordinary  ^1 
l^ole-faces  concentric  with  the  armature,  but  with  a  r.<ii 
t  of  convolutions  tlian  usual  in  each  armature  sl'  : 
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icli  it  is  driven  is  kept  constant,  and  also  the  current, 
nperes,  when  the  effect  of  self-induction,  which  lias  to 
3,  but  not  over- balanced,  will  be  constant  also.  The 
to  find  out  i\'hat  is  the  activity  of  a  single  coil  at  the 
[es  of  its  circular  path,  and,  in  order  to  decide  this,  use 
»  set  of  apparatus  which  has  been  employed  for  dif- 
Ets  by  other  experimenters  with  good  results.  It  con- 
Toltmeter  of  the  requisite  range,  having  its  terminals 
[f  flexible  wires  to  two  copper  strips,  which  are  fixed  at 
distance  apart  by  pieces  of  insulating  material,  so  that 


idge  over  the  width  of  a  comniutalor  segment, 

of  this  simple  api)aratus  and  the  method  of  using  it 
<A  in  fig.  192.  While  the  machine  is  running,  and 
current  through  an  external  resistance,  the  exploring 
we  may  term  them,  are  held  against  the  commutator, 
1  in  the  figure,  and  each  coil  as  it  passes  the  point 
rushes  are  placed  is  connected  up  for  a  moment  to  the 

hich  indicates  the  electromotive  fcice  developed  in 
iile  passing  that  posilion.     The  exploring  brushes  are 

liable  stages  round  Ihe  whole  of  the  comniutalor,  s 
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ftl^e  deflectio.i  of  the  vollmetcr  noted  for  each  position.  The 
V'^^ults  are  plotted  in  the  form  of  a  curve  (see  fig.  193),  the  dis- 
tances along  the  horizontal  line  being  taken  to  represent  the 
^xigular  distance  of  the  coil  from  the  zero  position  on  the  commu- 
tator, while  the  vertical  distances  represent  the  E.M.F,  in  volts 
<i«eveloi>ed  by  one  coil  in  the  various  positions. 

The  curve  c  c  was  obtained  in  this  manner  when  the  main 
l>rushes  were  placed  in  the  norma!  position,  the  lead  being  about 
^0°.  The  results  obtained  in  passing  i/(Mc«  the  comreiutator  in  the 
cltFection  of  rotation  are  plotted  above,  while  those  obtained  in 
r>assing  up  are  plotted  below  the  line  ;  and  it  will  be  observed 
C-ha.t  the  e,m.f.  at  the  extremities  of  each  coil  becomes  n/Vat  20° 
Crom  zero,  while  it  is  a  m.iximum  at  about  150°  from  zero. 

To  facilitate  comparison,  both  the  point  vertically  above  and 
«-liat  vertically  below  the  centre  of  the  shaft  are  regarded  as  zero 
I>oims. 

This  curve  having  been  obtained,  the  brushes  were  shifted 
•orward  to  a  position  60"  from  zero,  and,  regardless  of  sparking, 
«.V»e  potential  difference  at  the  extremities  of  a  coil  in  all  the 
'^'arious  positions  was  again  measured.     Another  curve,  d  d  d,  was 
•"'Ijtaincd  by  plotting  these  results,  and  it  will  be  observed  that,  at 
'■he  moment  a  coil  is  passing  under  the  main  brushes,  the  potential 
<ii  (Terence  at  its  ends  is  considerable.     This  potential  difference, 
"*•'  hich  gives  rise  to  the  sparking,  is  in  fact  proportional  to  the 
1^  eight  of  the  ordinate  l,  and  it  is  equal  to  the  excess  of  the  e.m.f, 
'nduced  in  the  coil  by  the  powerful  field  at  this  point  over  that 
»*iomentary  E.m.f.  due  to  the  self-induction  of  the  coil  at  the 
rnonieni  it  is  short-circuited.     It  is  clear,  then,  that  to  ehminate 
the  sparking  when  the  main  brushes  are  given  a  forward  lead  of 
Go°,  the  strength  of  the  field  must  be  reduced  by  just  so  many  lines 
<:»f  force  as  would  develop  an  e.m,f.  proportional  to  the  ordinate  l, 
and  then  the  e.m.f.  of  self-induction  and  that  being  induced  in  the 
Cdil  ivould  exactly  balance.     The  length  and  number  of  active  con- 
ductors in  each  coil,  and  also  the  speed  of  rotation  being  known, 
Ifcis  number  of  lines  of  force  can  readily  be  determined. 

The  main  brushes  were  next  given  a  lead  of  90",  when,  as 
"light  be  expected,  the  sparking  became  even  more  severe,  but  by 
«>ieans  of  the  exploring  brushes  and  voltmeter  the  cuive  t  ts.  -WM , 
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rapidly  obtained.    The  e.m.f.  in  excess,  which  at  i 
ihe  brushes  causes  the  sparking,  is  represented  by  the  onlimK  ^  I 
which  gives  a  means  of  estimating  the  extent  to  which  it  is 
necessary  to  reduce  the  strength  of  the  field.    Abouiien 
curves  were  obtained  with  the  brushes  in  various  postLioas  inltW 
io°  and  ioo°;  boi  we  have  only  given  three  of  them  ii 
avoid  a  complex  figure.     From  each  point  on  the  horiEOUil  i 
corresponding  to  the  angular  distance  of  the  main  bnisbs  ft' 
tero,  a  perpendicular  is  erected  to  cut  the  curve  which  wasot 
with  those  brushes  in  that  particular  position  (as  we  have  obstrra 
L  and  K  are  such  ordinates),  and  by  joining  the  tops  of  [he  mit  I 
of  the  ten  ordinaies  the  dotted  curves  starting  at  io°  and  laii- 1 
nating  at  s  are  obtained. 

The  area  contained  between  one  of  these  curves  and  ibe  bn 
zontal  lineafTordsan  indication  of  the  nmount  of  iron  winch  slioi 
be  removed  from  the  corresponding  pole-face  in  order  to  w 
the  field  to  the  desired  extent. 

But  since  the  very  act  of  increasing  the  distance  betwea  A 
pole-face  and  the  armature  core  at  one  point  increases  the  4 
of  the  lines  of  force  at  another  adjacent  point,  the  areas onlyd 
proximately  represent  the  shape  of  the  cavit)-  required  in  the  prf 
face.  For  this  reason  the  curves  are,  in  practice,  simply  usedd 
guide  to  indicate  to  what  extent  the  field  reriuircs  reduction itdj 
various  parts,  and  the  iron  is  removed  to  a  rather  less  cxtciutlii 
sufficient,  so  as  to  allow  a  margin  for  any  error.  Other  aixn 
then  obtained  by  means  of  the  exploring  apparatus,  and  a  « 
approximation  to  the  (inal  result  is  arrived  at,  the  proces  bi 
again  repeated  if  necessary.  The  dotted  curve  F 
with  the  brushes  at  90°  after  the  pole-face  had  been  5hn|Kd,>i 
shows  by  its  coincidence  with  the  horizontal  hne  at  90°  t 
sparking  took  place  with  the  brushes  in  that  position. 

One  method  of  modifying  the  field  is  to  cut  a  grooreiaftl 
pole-farc  parallel  to  the  shaft,  after  the  manner  shoH-n  in  fi^  I) 
and  it  will  be  seen  that  the  outline  of  the  groove  apptw 
somewhat  to  the  dotted  shaping  curves  in  fig.  193. 

The  desired  result  may,  however,  be  obtained  by  removiiigM 
iron  in  a  variety  of  ways,  such  as  boring  holes  in  the  pole-fil* 
or  even  by  using  \ron  ol  d\5wexil  ^etmeablUty. 
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here  considered  ihcrase  of  a  ring  armature  machine, 
number  of  lines  which  each  coil  can  at 
embrace  is  only  half  ihe  total  number  passing  through 
ut  in  the  case  of  a  drum  armature  the  whole  of  the 
at  once  be  embraced  and  cut  by  a  coil  during  half  a 
;  it  is  therefore  only  necessary  to  'evplore'  through 
.  the  commuL-itor,  and  plot  ihe  cur\Ts,  say  above  the 
bbtain  one  shaping  curve.  This  will  indicate  approxi- 
e  amount  by  which  the  whole  field  must  be  reduced,  and 
!  of  the  iron  may  be  removed  from  one  pole-piece,  or  . 
each,  as  in  fig.  igz.  J 

is  manner,  then,  is  it  rendered  possible  for  the  bnisha  ■ 
Red  through  a  considerable  angle  in  order  to  vary  the 
Uifference,  and  consequently  the  current  strength,  without 
ig  sparking.  It  now  remains  to  show  the  method  by 
brushes  are  automatically  moved  to  the  proper  position 
current  varies;  A  view  of  the  machine,  with  its  auio- 
lalor,  is  given  in  fig.  194.  In  this  particular  case,  two 
»es  are  cut  in  each  pole-face,  but  they  do  not  extend  to 
oeek,  so  that,  in  external  apponrance,  it  is  similar  to  an 
lachine.  The  solenoid  shown  in  the  front  of  the  figure 
nth  (hick  wire,  and  is  joined  up  in  the  main  circuit,  so 
rhole  current  passes  through  it.  Inside  it  is  a  core 
a  small  vertical  movement,  its  centre  being  below  that 
Inoid.  When  the  main  current  rises  above  its  proper 
core  is  sucked  up,  and  throws  into  gear  a  simple  me- 
rhich  increases  the  lead  of  the  brushes  and  so  reduces 
ilarly,  a  reduction  in  the  current  strength  allows 
i  fall,  when  the  mechanism  is  reversed,  and  the  brushes 
lards  the  zero  or  maximum  potential  position.  ' 

Ir  which  carries  the  brush-holders  is  placed,  as  usual,  I 
of  the  bearing  next  the  commutator,  the  collar,  how-  1 
adjusted  and  the  bearing  oiled  so  that  the  bar  can     ' 
On  the  upper  part  of  the  collar  is  fixed  a  toothed 
rhich  gears  with  a  pinion  on  a  spindle  parallel  to  the 
the  other  end  of  this  spindle  carries  two  ratchet- 
si  inches  in  diameter,  but  with  their  teeth  set  in   , 
iRctioRs.    The  nearer  of  these  ratchet-wheelR  cai\  ba  I 
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power  available  in  the  external  circuit  ts  1 3,900  watts,  It  1 
wound,  the  resistances,  measured  when  the  wires  were  hot,  being 
armature,  8'79  ohms  ;  'field -magnets,  3-3  ohms ;  regulating  sol 
noid,  o'S7  ohm.  There  are  sixty  commutator  bars,  and  ti 
number  of  convolutions  in  each  section  of  the  armature  is  fifiy-faai 
The  magnetic  induction  through  the  armature  is  fj  Kappline 
or  rather  over  17,000  ccs,  lines. 

An  interesting  machine  of  this  class  is  in  use  for  generatii 
the  current  for  the  Northfleet  Tramway,  where  the  motors  on 
various  cars  are  placed  in  series,  and  the  jiower  required  v; 
rapidly  and  considerably,  while  the  current  must  be  kept  com 
at  50  amperes.  The  maximum  e.m.f.  at  the  terminals  is  450V 
and  the  brushes  are  continually  travelhng  backwards  and  fonraid^ 
the  sparking  being  hardly  noticeable. 

Another  type  of  dynamo,  manufactured  by  the  same  finn,  i 
illustrated  in  section  in  fig.  195,  the  section  being  taken  i-erticall 
through  the  spindle.  The  machine  is  designed  to  be  driven  dira 
by  a  steam-engine,  which  is  built  upon  the  same  hed-platc  <tilh  i^ 
and  it  is,  consetjuently,  calculated  to  develop  the  requisite  e.v.pi 
at  a  low  speed. 

The  framework  is  a  hollow  casting,  well  stayed  with  cross-nlft 
and  cast  solid  at  one  part  to  form  the  yoke.  The  slabs  fotming 
the  limbs  of  the  field-magnet  are  of  wrought-iron,  of  the  iiran 
known  as  '  Kirkstall  scrap,'  carefully  annealed,  each  finished  lira 
weighing  8  cwt. ;  they  are  fixed  on  to  the  framework  by  two  bola 
passing  horizontally  through  the  solid  part  of  the  casting. 

The  armature  is  drum  wound,  having  Pacinotti  teeth,  the  art 
lieing  made  of  thin  discs  of  Swedish  iron,  punched  out  to  llB 
required  shape,  and  effectually  insulated  one  from  another  by  ihm 
asbestos  tissue  and  shellac  varnish. 

A  number  of  keyways  are  planed  in  the  shaft,  and  correspond- 
ing horns  or  projections  are  stamped  out  on  the  inner  edgHtf 
the  discs,  to  fit  accurately  into  these  keyways,  the  shaft  toij 
also  fluted  between  them  so  as  to  afford  air-passages  under  the 
discs. 

To  form  the  Pacinotti  teeth,  the  outer  periphery  of  each  dise 
is  punched  symmetrically  with  respect  to  the  inner  horns,  so  thiH 
'hen  the  discs  ate  feteaAed  q^  \.o  ttve  shaft,  rectangular  grooW 
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the  discs  upon  the  spindle,  thre 
them.  Fan-blades  are  set  in  thi 
plales  are  claiiii>ed  together  by  i 
which  arc  screwed  upon  the  s} 
the  end  remote  from  the  commi 
municating  with  [he  fluiings,  pr 
and  when  the  armature  is  rotate 
the  arrows  under  the  end-plate, 
edges  of  the  discs,  and  is  forcei 
thus  giving  most  efficient  ventila 
Fan-blades,  cc,  are  also  fixe 
commutator,  at  the  back  of  whii 
and  prevent  the  accumulation  t 
sixty  bars  in  ihe  commutator,  eai 
connection  with  the  armature  coi 
these  bars  is  also  clearly  illustrat 
for  separating  the  bars  from  eai 
them  from  the  bush  and  cone 
The  bush,  which  is  keyed  on  to 
order  to  obtain  a  higher  pressure 
made  of  wrought-iron  instead  of 
with  copper  to  prevent  oil  creep 
each  journal  at  tt,  small  tanks  I 
groove  in  which  the  collar  of  the 
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regard  both  to  the  atmature  and  the  field,  is  tilu^tnited  in  tij  i 
is  known  as  Ihu  'Victoria'  dynamo,  and  is  a  developmcnl 
r.  W.  M.  Mordey  of  a  machine  originally  designed  by  Schocken 
In  the  earlier  days  of  practical  dynamo-building,  engineers  « 
much  exercised  by  the  comparatively  lat^e  proportion  of  wire 
rini;  armatures  which  cuts  few  or  none  of  the  lines  of  fotce, : 
which,  therefore,  is  called  idle  wire.  The  Schuckert  machine 
designed  to  minimise  this  as  much  as  possible,  by  flaiicning 
armature  ring,  and  extending  the  j)ole-pieces  so  as  to  make  tb 
embrace  more  of  the  wire  on  the  flattened  sides  of  the  coils.  1 
arrangement  did  not,  however,  altogether  answer  the  anticipaiiom 
for  by  merely  extending  the  pole-pieces,  the  density  of  the  liw 
of  force  was  diminished,  and,  with  a  magnet  developing  a  chub 
strength  of  field,  it  matters  little  whether  that  field  is  spread  om 
and  the  lines  of  force  cut  by  a  long  piece  of  wire,  or  whethertla, 
field  is  more  concentrated  and  only  cut  by  a  portion  of  the  siK 
wire. 

This  form  of  armature,  even  when  die  best  shape  is  given  M 
the  iKjle-pieces,  is  in  reality  slightly  less  efficient  than  either  tie 
ordinary  ring  or  the  drum  form,  but  it  is,  nevertheless,  a  bTOuiild 
chiefly  because  it  offers  good  facihties  for  ventilation,  is  vetyli^ 
in  construction,  and  {owing  to  the  sectional  shape  of  the 
coils)  there  is  but  h'ttle  tendency  for  the  wires  to  fly  out  wbd: 
driven  at  a  high  speed.  Flat  ring  armatures  are  also  usual))' (ft 
lo  rotate  in  a  'multiple  field,'  that  is  to  say,  the  field  is 
by  four,  six,  or  sometimes  eiglit  poles. 

Fig.  196  illustrates  a  four-pole  machine,  four  beirig  the 
most  frequently  employed.  Each  cast-iron  pole-piece  which 
embraces  the  armature  has  connected  to  it  two  cyhndrical  wtouslit 
iron  cores,  the  outer  ends  of  these  cores  being  bolted  to  tlie  cut' 
iron  standards  forming  the  yokes. 

The  two  coils  on  each  pair  of  cores  are  so  wound  tluUlici 
similar  poles  are  adjacent  to  the  cast-iron  pole-piece  betted 
them,  thus  developing  a  strong  field  fram  ihe  pole-piece.  ThtS 
pole-pieces  are  magnetised  in  this  way  alternately  north  andsooft 
the  arrangement  of  the  entire  field  being  that  shown  in  fig- 19( 
where  the  direction  of  the  lines  of  force  through  Ihe 
ire  when  it  is  at  rest  and  the  field  undistorted,  is  shown  bf 
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lieads.  The  lines  of  force  enter  at  the  outer  circumference 
ilso  at  both  sides  of  the  armature. 

.s  ihe  diameter  of  commutation  is  at  right  angles  lo  the 
of  force,  and  as  in  this  multiple  field  there  are  two  such 
eters,  A  B  and  c  D,  two  sets  of  bruslies  would  appear  to  be 
isar)-.  This  will  be  more  apparent  if  we  consider  the  induc- 
rffecls  upon  a  single  coil  during  a  complete  revolution.  Sup- 
Lg  the  coil  lo  start  from  a,  where  its  plane  is  at  right  angles 
le  lines   of  force,   its  j-,^^ 

t  portion    will,  in   ap-  A 

:hing  tlie  pole-piece,  n, 
tie  linos  of  force  from 
s,  and  in  passing  from 
D  it  will  cut  other  lines, 
site  in  direction,  from 
t,  the  result  being  ihat 
cedcurrentisin  one 
,  only  during  the 
mmey  from  a  to  d. 
reversal  takes 
the  coil,  in  ap- 
g  s,  cuts  these  lines 
love,  and,  passing  s, 
opposite  lines  from  below,  whence  another  continuous  cur- 
is  generated  while  the  coil  is  travelling  from  d  to  b,  wlicre  a 
id  reversal  takes  place ;  and  siinilariy  with  llie  other  tiuad- 
the  third  reversal  occurring  at  C,  and  the  fourth  at  a.  Or, 
ng  the  matter  from  another  standpoint,  since  the  reversal  of 
urrent  takes  place  at  that  moment  when  the  maximum  number 
ft  of  force  is  projected  through  a  coil,  and  as  this  maximum 
t  the  point  midway  between  each  pair  of  pole-pieces  (tlie 
J  slill  undistorted),  it  will  be  evident  that  the  current 
^  reversed  as  the  coil  passes  the  points  a,  n,  c,  and  d. 
were  the  armature  joined  up  in  the  ordinary  way,  one 
ishes  must  be  placed  on  the  diameter  a  b  and  another 
r  c  D,  to  collect  the  current  from  all  the  coils. 
|oid  this  inconvenient  arrangement  a  simple  modification 
n  the  winding.    As  every  pair  of  diametrically  opposite 
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~  ^tyfft  iMdnguiag  ptedsdf  the  same  i 

.:  cotls  scaxtedst  ri^lit  angles  to  it,  it  foil 

~^:t%  of  axis  can  be  pennanenllr  joined 

.:  :--.    ^  fx  itfy  arc  al  e»«iy  moaeni  devekiping  equal 

i  •  i^  <5en:e  oc^  two  trashes  are  necessary,  one  being  n«  js* 

■  '  brsfaicfa  tbs  'ciTJSs-iwonecting '  is 
-  il'-jg  pnctkaDy  onsisls  in  joining  n 
I'l^ste  oommttUor  bora,  as  illusiratcJ  i 

*  ?'  ■"  erery  oiher,  the  reaction  of  liie  jikuiuk 
.  .^sitaies  a  forward  lead  being  girain 
the  brushes,  whitb,  but' 
ever,  are  alwiy. 
rated  by  the  same  lo^ 
vijt,  90°.  It  must  lie 
be  pointed  out  ihildioe 
,  are  always  four  pilll 
open  10  the  cunot 
through  the  annaltu^  , 
and  ihat  therefore  '" 
resistance  from  bniAl 
bnish  is  but 
iccnlh  of  whjt  it 
be  were  the  wbole  rfl 
coils  joined  in 
The  low  resistance 
obuined  isanim] 
iesmrctn  favour  of  multiple  pole  machines,  for,  in  order  10 1 
with  tte  ordinary  ring  or  drum  winding  an  equally  low  rcsi; 
the  conductor  would  have  to  be  so  massive  that  raedunical 
fitruction  would  be  far  less  easy,  and  eddy  currents  would 
generated  in  the  conductor  itself  unless  prevented  by  laminal" 

In  the  case  of  a  six-pole  machine  constnicied  on  similar 

either  six  brushes  must  be  used,  or,  as  is  actually  done,  the 

mutator  segments   no"  apart,  joined    together  in  threes, 

brushes  Ijcing  then  employed  with  an  angle  of  60"  bi'lwcen 

n  this  class  of  machine,  however,  the  adjacent  pole- 

Lbein^  oC  oppoaiw  i^laritv,  must  not  approacii  each  Who 


otherwise  an  unduly  large  proportion  of  the  lines  of  force 
i  across  the  air-space  instead  of  passing  through  the  aroia- 
d  in  any  case  the  armature  must  be  provided  with  sufficient 
make  the  magnetic  resistance  low.  Special  care  must  also 
:n  with  the  lamination  of  the  armature  core.  It  will  be 
>ered  that  the  eddy  currents  induced  in  a  rotating  core,  as 

other  moving  conductor,  are  at  right  angles  to  the  lines 

2  of  the  field,  and  also  to  the  direction  in  which  the  I 
tor  is  moving.  In  the  case  of  the  ordinary  simple-field  ' 
2,  the  lamination  of  the  armature  presents  little  difficulty  as 

s  of  force  enter  it  from  the  outside  circumference  only. 
I  pole-piece  embraas  a  flat-ring  armature,  and  the  lines  of 
Iter  at  the  sides  as  well  as  at  the  circumference,  and  it  is 
e  necessarj-  lo  laminate  the  core  in  two  directions,  so  as 

3  currents  being  induced  either  radially  or  in  a  direction 
to  the  shaft. 

this  reason  an  unusually  large  proportion  of  the  space 
he  coils  of  a  flat  ring  armature  is  occupied  by  insulating 
I  instead  of  iron. 

suing  again  to  fig.  197,  it  will  be  seen  iJiat  the  direction  of 
s  of  force  through  the  armature  is,  as  it  rotates,  frequently 
i,  and  that  the  number  of  reversals  per  revolution  would  be 
!d  by  increasing  the  number  of  poles.  Such  changes  in 
isation,  if  too  rapid,  would  heat  the  core  considerably, 
pair  the  efficiency  of  the  machine,  and  this  is  one  reason 
ge  than  six  poles  are  rarely  employed. 
W)9  is  a  sectional  side-elevation,  showing  the  construction 
Bctoria  dynamo,  fig.  200  being  an  end  elevation,  half  in 
Sf  the  same  machine. 

;  core  is  built  up  by  winding  iron  tape,  o'oii  in.  thick 
)ut  half  an  inch  wide  {with  thin  paper  insulation),  round  a 
pught-iron  foundation  ring,  which  is  of  the  same  width  as  the 
!ed  core,  and  is  slotted  on  both  edges  at  four  equi-disWnt 

The  four-armed  gun-metal  spider  s  (fig.  100)  is  mftde  in 
ves,  held  tightly  together  by  hexagonal  nuts  screwing  on  to 
ft,  to  which  also  the  hub  is  keyed.  A  bolt  likewise  passes 
1  each  of  the  arms,  and  when  this  divided  spider  is  thus 
held  in  position,  a  little  projection  from  the  outo  e>.tt&TO\\>j 
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each  arm  fils  tightly  into  one  slot  of  the  wrought-iron  foundation 
g,  and  also  extends  a  short  distance  into  the  core,  a  few  of  the 
ler  layers  being  slotted  for  the  purpose. 

The  section  of  the  core  is  recuingular,  and  its  radia!  depth  is 
nsiderably  less  in  proportion  than  that  of  the  early  ikt  ring  ar- 
Ltures.  Comparatively  few  of  those  lines  of  force  which  enter  at 
souter  circumference  penetrate  through  the  whole  depth  of  the 


sre,  and  consequently  the  lamination  near  tlie  foundation  ring  need 
Dt  be  earned  to  a  very  great  extent  to  prevent  the  flow  of  currents 
I  a  direction  parallel  to  the  shaft.  In  some  recent  Victoria 
uchines,  the  strips  are,  for  this  reason,  narrower  and  more 
umerous  towards  the  outer  circumference  than  near  the  inside. 

The  armature  conductor  is  rectangular  in  section,  insulated 
iih  tape,  and  is  wound  in  one  continuous  spiral  round  the  core, 
e  connections  from  the  commutator  bars  being  soldered  on  at 
=  proper  points  on  the  inside  of  the  ring. 

The  armatures  of  the  smaller  machines  are,  however,  wound 
h  ordinary  circular  wire,  cotton-covered  and  well  varnished. 


1.       1 
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Each  of  the  vertical  standards  forming  the  yokes  is  cast  in 
wo  pieces,  which  are  bolted  together,  so  that  tlie  upper  portion  of 
:a.ch,  with  the  two  ujipi^r  field -magnets,  can  bo  removed  to  afford 
icxess  to  the  armature.  This  arrangement  is  shown  in  the  figures, 
rom  which  it  will  farther  be  seen  that  the  upper  part  of  the 
»earings  can  also  be  detached,  thus  enabling  the  armature  to  be 
sully  lifted  out  of  its  position  when  necessary  for  examination  or 
epoir. 

As  in  all  other  machines,  it  is  necessary  for  the  space  be- 
wreen  the  field-magnet  and  the  armature  to  be  as  small  as  possible, 
.tid  since  ihe  pole-pieces  extend  over  the  sides  of  the  latter,  it  is 
:lear  that  there  must  be  no  end  play,  or  shifting  of  tiie  shaft  length- 
rays  ;  this  is  effectually  prevented  by  the  long-grooved  bearing 
hown  to  the  right  in  fig.  199. 

These  machines  are  series,  shunt,  or  com  pound -wound,  as 
eqaircd.  One  built  for  the  autliors  for  educational  purposes  can, 
*y  meiins  uf  a  switch  fixed  on  the  lop  of  the  tramework,  be  con- 
nected up  for  any  one  of  these  systems  at  pleasure. 

The  macliine  illustrated  is  intended  to  be  driven  at  1,000 
evolutions  per  minute,  and  is  then  capable  of  developing  15,000 
vatts  in  the  external  circuit,  at  a  terminal  potential  difference  of 
1 10  volts. 

A  multipolar  flat  ring  machine  is  also  manufactured  by  the 
3ulcher  Company,  and  the  latest  type  of  this,  known  as  the 
■  Battersea'  dynamo{fig.  201),  is  worthy  of  special  notice.  As  has 
Iseen  remarked,  such  machines,  while  slightly  less  efficient  than 
aiher  forms,  present  in  some  respects  fewer  difficulties  in  con- 
junction, and  the  Battersea  dynamo  is,  from  a  mechanical  point 
of  new,  as  well  as  electrically,  an  exceptionally  good  specimen  of 
tts  class. 

Fig.  20a  gives  a  longitudinal  section  through  a  machine  of 
tecent  construction,  a  side  elevation  being  shown  in  fig.  203.  It 
is  a  four-pole  machine,  having  an  output  of  1 2,000  watts. 

The  foundation  of  the  armature  core  is  the  rim  of  a  strong  gun- 
snetal  wheel,  which  has  four  radial  arms.  The  hub  of  the  wheel 
txars  on  one  side  against  a  collar  on  the  steel  shaft,  as  shown  to 
ihe  right  in  fig.  202  ;  it  is  held  tightly  in  position  on  the  Other 
aide  by  a  steel  nut  wliich  screws  on  to  the  shaft.    'Che  cota  \\.^*i.S. 
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consists  of  sort  iron  wire  recungukr  in  cross-section,  and  'njm 
sulated  with  cotton.  It  is  wound  round  the  foundation -ring  undcn 
high  tension,  ihe  core  thus  built  up  being  very  strong  and  rigid.   4 

We  have  referred  to  the  necessity  for  lamination  in  two  direO"! 
tions  ;  and  the  smallness  of  the  wire,  and  the  efficiency  of  its  \nssiu 
lation  practically  eliminate  eddy  currents,  while  the  thinness  of  ll 
insulation  and  the  tightness  of  the  winding  reduce  the  waste 
S|)ace  to  the  lowest  possible  limit. 

The  armature  conductor,  which  is  a  copper  strip,  is  v 
over  this  core  (embracing  also  the  rim  of  the  supporting  wheel) 
a  single  layer ;  the  strip  is  rectangular  in  section,  its  dimensia 
being  calculated  so  as  to  just  occupy  the  allotted  space  round  tl 
circumference,  and  thus  the  distance  between  the  pole-faces  ai 
the  core  is  made  a  minimum.  By  the  device  of  cross- connectin 
the  current  is  collected  from  a  single  pair  of  brushes,  placed  91 
apart.  The  method  of  connecting  diametrically  opposite  paiiS' 
coils  in  parallel  is  unique.  On  the  shaft  between  tiie  artnatn 
and  coiiimutator  is  fijied  a  wooden  sleeve,  over  which  a  numberi 
fiat  copper  rings  are  slipped.  These  rings  are  carefully  insulaio 
and  each  has  two  lugs  projecting  at  opposite  extremities  rf 
diameter  ;  a  radial  saw  cut  is  made  in  each  lug,  just  large  enoug 
for  a  copper  conductor  strip  to  be  pressed  in  and  soldered.  Ill 
rings  are  so  arranged  that  their  lugs  form  a  spiral  round  the^ 
shaft,  and  those  connecting  strips  which  lead  from  diametrically 
opposite  coils  of  the  armature  to  the  commutator,  are  soldered  10 
the  lugs  of  the  same  ring.  In  this  way  diametrically  opposite  han 
of  the  commutator  are  joined  together ;  one  such  connection  is 
shown  at  the  ring  nearest  the  commutator  in  fig.  201. 

The  circular  cast-iron  end  frames  forming  the  yokes  to  the 
field-magnets  are  in  two  halves  bolted  together,  the  lower  half 
being  also  boiled  to  the  bed  plate,  as  shown  in  the  illustiations. 
These  yoke-pieces  are  very  massive,  and,  as  the  surfaces  of  coniart 
between  them  and  the  wrougbt-iron  cores  are  large  and  close- 
fitting,  the  magnetic  resistance  is  low,  and  a  large  proportJon  of 
the  lines  of  force  are  led  into  the  armature. 

The  whole  armature  conductor  offers  but  little  resistance,  snJ 
as,  by  the  cross-connecting,  this  is  reduced  to  one-sixteenth  of  il« 
resistance  which  wou\i  W  o^ttei  \tMt  ail  Uie  coils  joioed  m 
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LAP.  T.  Losses  in  Armatures  37| 

^es,  but  tittle  |>o»-cr   is  absorbed   in   the  atmaiurc,  and   thi 
machine  is  self- regulating  through  a  considerable  range. 

The  conimutaior  consists  of  eighty  copper  bars,  with  mic 
isulatton,  fixed,  as  shown  in  the  drawing,  by  a  gun-metal  nut  an< 
asher,  over  a  gun-metal  sleeve. 

In  smaller  machines,  circular  copper  wire,  instead  of  rectangu 
»■  strip,  is  employed  for  the  conductor,  and  the  magnetic  resist 
*ce  of  the  core  is  even  further  reduced  by  covering  the  iron  wiri 
ith  silk  instead  of  cotton,  the  former  occupying  much  less  spac 
k^n  the  latter. 

In  concluding  this  chapter,  we  may  with  advantage   pass   . 

:"Wf  further  remarks  concerning  the  losses  which  reduce  the  eiB 

iency  of  a  dynamo.    Omitting  the  power  absorbed  in  overcomin 

>e  ccHiductor  resistance,  which  can  easily  be  calculated,  the  losse 

*^y  be  classified   under   three  general  heads  :    (a)  Mechanics 

■iction  ;  (d)  Eddies  in  conductor;  (e)  Losses  i 

"tie  friction  occurs  piincipally  at  thebearings— for  thee 

*Xishes  should  exert  only  just  sufficient  pressure  to  insure  reliah! 

otitact — and  the  loss  due  to  this  cause  increases  regularly  wit 

*fa«  speed  at  which  the  machine  is  driven.     When  the  conductc 

•^  massive,  as  in  the  case  of  a  bar  armature,  the  eddy  currents  i 

*t  may  be  sufficiently  important  to  absorb  a  considerable  amour 

**f  power,  and,  as  we  have  seen,  such  conductors  are  frequentl 

•*«>unated,  or   sometimes  braided  wire  is   employed,  to  prevet 

*'*e  circulation  of  the  currents.     Lamination  of  the  iron  core, 

^ft  C*(Y>perly  performed,  also  reduces  to  a  minimum  the  eddies  in  t^ 

Hf**On  ;  but  there  is  another  source  of  loss  which  arises  when  hni 

H  ^f  force  passing  through  iron  are  rapidly  reversed  or  altered  i 

M  '*>^ection,  due  to  a  phenomenon  known  as  hysteresis.     This  lo 

■  *-l>|)ears  to  be  the  result  of  a  kind  of  internal  friction  between  tl 
I  ?**''^"l'^s  of  the  iron,  when  they  change  their  position,  as  v 

■  **^lieTe  they  do,  under  the  influence  of  the  maf;neiising  force,    i 
W  **ij  rate,  it  is  not  passible  to  project  lines  of  force  through  iro 

■  '^^^  alter  their  position,  without  a  small  amount  of  work  being  pe 

Aed  independently  of  that  resulting  in  eddies. 
With  one   particular  specimen   of  iron,  through    which  tl 
agnatic  induction  was    18,000,  Dr.  Hopkinson  estim 
^000   ergs  were  expended  in   twice  completely  rcve 
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In  the  annatures  of  the  direct-current  machines  hitherto  describoi 
all  tlie  coils  are  connected  together,  and  the  junction  of  each  ad- 
jacent pair  is  joined  to  a  bar  of  the  commutator.     But  there  is  an- 
other method  of  constructing  an  armature,  in  which  the  coils  vt 
kept  quite  separate,  each  having  in  the  simplest  form  a  sepuaK 
two-part  commuiator.    The  former  are  known  as  '  dosed -coi!,' 
and  the  latter  as  '  open-coil '  armatures.     Machines  for  devclopti^ 
veiy  high  electro- motive  force  are  usually  built  with  oi»en-coii 
armatures,  an  e.m.f.  of  3,000  volts  being  not  uncommon ;  btaw 
such  machines  are  used  for  electric  hghting  in  cases  where  :1k 
type  of  the  lamps  and  their  disposition  are  such  as  to  leqam 
the  transmission  of  the  current  through  a  high  resistance.    It  1 
closed-coil  armature  the  e.m.f.  generated  by  every  coil  in  any. 
every  position,  excepting  at  the  moment  when  it  is  short-ciiei 
by  the  brush,  forms  a  part  of  the  total  elm.?,  of  the  machine 
the  contrary,  in  an  open-coil  armature  the  current  i: 
from  a  coil  while  it  is  in  the  position  of  greatest  activity  oolj, 
while  the  e.m.f.  induced  in  it  is  at  its  maximum,  the  coil 
thrown  out  of  circuit  during  the  time  that  it  passes  through 
period  of  least  activity.     At  the  beginning  of  this  latter 
another  coil  enters  the  best  position,  and  commences  to  fcedi 
circuit     The  coils  may  be  wound  either  on  the  ring  or 
principle,  but  in  the  former  case  the  two  coils  at  opposite' 
iremities  of  a  diameter  are  joined  together  in  series  and  naji 
treated  as  one  coil. 

Many  of  the  elementary  principles  examined  in 
with  the  machines  already  described,  hold  equally  well  for 
ivilh  open-coil  airaawics,  Mii-^Vie.  \\.  is  imnecessaiy 
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On  winding  the  armature  and  repeating  the  experiments,  Ihe 
=  urve  0  N'  IS  obtained,  and  the  difference  between  the  ordinaies 
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while  the  vertical  ones,  being  comparatively  idle,  are  tclirely  dj 
connected.  The  activity  of  the  horiiontal  pair  decreases  i\ 
this  point,  and  when  the  armature  has  revolved  through  anodH 


4S'  they  are  ttiron-n  out  and  the  other  coils  begin  to  feed  (1 
circuit.  Each  pair  is  thus  joined  up  and  disconnected  altemUelj 
for  a  period  equal  to  a  quarter  of  a  revolution,  and  an  ammiSa 
placed  in  the  external  circuit  would  indicate  a  current,  contitiuooi 


^^  stea 
^Hobta 


direction,  but  fluctuating  considerably  in  strength.  Ore* 
steadiness,  that  is  to  say,  a  nearer  approach  to  constancy,  can  M 
obtained  by  increasing  the  number  of  coils,  although  it  is  M* 
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e  to  get  a  current  so  nearly  constant  as  that  which  a  good 
«i-coil  dynamo  can  generate.  In  fig.  206  the  number  ol 
s  increased  to  eight,  that  is,  four  pairs.  The  two  coils  at 
3site  extremities  of  a  diameter,  Aj  Aj,  for  instance,  are  joined 
T  to  form  a  pair  as  before,  but  to  avoid  a  complicated 
Q  this  connection  is  not  shown  and  the  distortion  of  the 
I  is  again  ignored.  Each  pair  has  its  commutator,  the  seg- 
s  of  which  are  (including  the  insulating  space  between  the 
it  segments)  one-eighth  of  a  circle,  or  45°  in  length,  and. 
re  each  pair  of  coils  Is  connected  to  the  brushes  for  one- 
ti  of  a  revolution  only.  The  maximum  e.m.f.  is  the  same  aa 
e  last  case,  and  as  the  minimum  does  not  fall  so  low,  the 
suiting  current  is  more  nearly  uniform.  It  will  probably  ocal^ 
;  student  that  the  coils  D|  Dj  and  B,  Bj,  although  far  less 
live  than  a,  Aj,  are  yet  in  a  position  where  they  can  generate  a 
jnsiderable  e.m.f.  and  that  they  might  with  advantage  be  allowed 
But  they  must  not  be  joined  up  m parallel  with  a,  Aj, 
S  their  e.m.f.  is  so  much  less.  Otherwise  we  should  get  % 
[t  similar  to  that  obtained  when  a  Grove  cell  and  a  Dartiell  cell 
;».»« joined  up  in  parallel,  that  is,  the  Grove  cell  urges  a  backward 
:r»irrcnt  through  the  Daniell  because  it  has  a  higher  km.f.,  and 
\vt  external  circuit  gets  actually  less  current  than  if  the  latter 
Svere  removed  aitogether.  But  if  the  two  are  joined  up  itt' 
rwi  then  the  external  circuit  gets  the  whole  current  resulting 
n  the  sum  of  their  two  km.f.'s.  In  the  same  way,  if  the  effect, 
If  the  coils  in  positions  of  less  activity  is  to  be  utilised,  they  must 
NCjoincd  up  in  series  and  not  in  parallel  with  those  developing, 
Vhigher  E.M.F.  We  will  explain  how  this  matter  is  arranged  ia 
ifliat  is  perhaps  the  best  open-coil  machine,  viz.  the  'Brush'' 
tijiKinio.  Now  in  the  case  of  a  set  of  four  pairs  of  coils  rotating 
»-"  a  uniform  field,  as  in  fig.  ao6,  it  is  clear  that  at  one  time,  only' 
*^ne  pair  of  coils  can  be  in  the  best,  and  only  one  pair  in  the 
^•^orst,  position  for  generating  a  current.  On  the  other  hand,  it  is; 
l**H'jible  for  two  pairs  to  be  equally  active  in  an  intermedlatff 
'^^^^sition,  and  this  will  happen  when  they  make  an  angle  of  45" 
"^h  the  lines  of  force,  that  is,  in  the  position  occupied  by  B,  Bj^ 
'^^i  D,  Dj.  In  the  Brush  dynamo,  when  the  armature  consists  of 
''ght  coils,  two  pairs  of  brushes  are  employed,  one  collecting  tb^ 
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current  from  the  coils  in  the  best  position  only,  ( 
other  joins  up  the  two  pairs  of  coils  in  the  inicrmediate  g 
B,  Bo,  Di  D„  in  parallel,  and  collects  the  cuirent  from  tha 
two  pairs  of  brushes  are  joined  in  series,  and  thus  the  % 
the  intemicdiaie  coils  is  added  to  that  of  the  coils  in  { 
P,5^  ,^_  position,  only  one  pair,  % 

being  thrown  idle  at  \ 
As  ihe  intermediate  ci 
placed  in  parallel  their  i 
the  same  as  that  of  ooe  1) 
resistance  being,  \k 
halved.  In  order  to  mi 
quite  clear  we  may  repij 
pair  of  coils  as  we  do  a  | 
cell,  and  then  show  the  a 
ment,  as  in  fig.  207,  where  a  represents  the  most  activti; 
the  least  active  pair  of  coils,  b  and  d  being  those  in  ihl 
mediate  stage.  When  the  armature  has  turned  through  % 
45°,  the  B  coils  are  idle,  the  d  are  at  the  maximum,  audi 
and  C  in  parallel,  as  shown  in  fig.  208. 

The  commutator,  by  means  of  which  these  changes  are  ij 
is  illustrated  in  fig.  209.     It  is  divided  into  two  portioii 
Pij.  jjjg^  complete  in  itself  and  1 

ing  of  four  thick  T- 
pieces  of  brass  separate 
the  shaft  by  rings  of  ini 
material,  eg;  the  Th 
sections  being  insulaM 
each  other  by  air-space* 
brushes,  pqbs,  are  fod 
flat  copperstrips,  and,!a 
by  the  dotted  lines,  an 
cientiy  wide  to  cover  thfl 
width  of  the  commutator  rings.  The  ends  of  a  pair  of  a 
joined  to  diametrically  opposite  segments  or  sections  as  irK 
in  the  figure,  the  lettering  in  this  illustration  correspond 
that  in  fig.  jo6.  One  of  the  commutator  rings  is  fixed  1 
shaft  45'  in  advance  of  the  other,  the  consequence  of  ni 
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one  ring,  each  of  the  brushes  is  resting  on  one  sec- 
then  each  brush  or  the  other  ring  is  in  contact 


Ions,  as 
^  the 
1  the  two 
irhich  are 
snnediate 
therefore 
placed  in 
( the  right- 
l  joined  to 
)  which  is 
fcition  and 
Br  which, 
1^  is  dis- 


.    The  student  will  perceive  that  in  the 
of  the  left-hand  cotnmutaior  ring  have 


Jo  the  two  double  cominutalors  are  developed  or 
pie  by  side,  to  make  the  matter  clearer,  the  lettering 
;  being  the  same  as  in  fig.  ao6.  The  path  of  the 
ily  traced.  It  passes  round  the  pair  of  coils,  a,  a^ 
7*nd  Q  {by  which  it  enters  and  leaves),  each  resting 
©"ly,  because  those  coils  are  in  the  best  position, 
direct  to  the  brush  r  (on  the  left-hand 
lutator),  which,  resting  on  two  sections,  affords  a 
id  DjD|,  in  parallel.  The  brush  s,  by  which 
lecicd  to  one  end  of  the  field-magnet 
^are  disconnected.  Such  is  the  action 
dynamo  having  four  pairs  of  coiU  in 
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The  mctliod  of  building  up  ihis  core  ia  ilhistnui 
A  thin  sob  tnw  ribtxta  U  wound  in  Ji  caaoaaoia  sp 
_  mm  founibtion  ring  a'.     Between  ihe  socccsotc  oq 
the  nbtxm,  and  held  by  ttiem  as  the  process  of  a 
TJrdout,  ore  placed  ir-slupei]  iron  stampings  ^of  if 
s  the  ribbon.    Tbe  conncciing  portioo  of  I 


diffcrenl  layers  being  separated  as  in  the  case  of  the  annaiuie  li)' 
cotton-cloth.  These  coils  are  joined  up  in  series,  and  as  ihe 
current  generated  by  the  machine  flucluates  more  or  less,iliflr 
is  a  tendency  for  ddy 
currents  to  be  induced  a 
llieir  iinl3.minated  cor'-. 
'I'his  is  overcome  by  the 
simple  device  ofintdioh 
ing  between  the  coDs  lai 
the  iron  a  thin  tube  d 
copper,  in  which  the  cm- 
rents  are  induced  insiesd 
of  in  the  iron.  These  ii^j 
di]ced  currenls  tend  to; 
dune  the  fluctuationj 
ihe  primary  cuneat 
The  pole-pnecef! 
tended  so  as  10 
an  unusually  hatfii 
of  the  armaiw^ 
opposite  pole-piecsl 
similarly  tuagnclisHl 
lines  of  force  are  not  projected  axially  through  the  armaturei 
entering  the  core  on  both  sides,  by  the  projections  formed  bf  I 
H-pieces,  tend  to  pass  circuraferentially  round  a  portion  of  ibei 
and  leave  it  at  another  set  of  H-pieces,  near  the  other  (lolesi 
lines  of  force  being  in  this  way  urged  through  and  cui  hr. 
coils  as  they  rotate. 

The  diameter  of  greatest  activity  is  approximately  J 
with  the  upper  horn  of  the  right-hand  pole-piece,  and  theb 
of  the  left-hand  pole-piece  (fig.  2ii),  as  will  be  gathered 
position  of  the  brushes,  the  direction  of  rotation  being  left- 
as  viewed  from  the  commutator  end.     As  the  machine  Is 
to  give  a  nearly  constant  current,  the  reaction  of  the 
tlie  field,  and  therefore  also  the  lead  of  the  brushes, 
very  slightly  under  ordinary  changes  in  the  load. 

The  machine  illustrated  is  designed  to  supply  55  aicJ 
in  series,  wU\\  a  cviitetvt  of  10  amperes.     The  figures  aitl 
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I  scale,  tlie  principal  dimensions  being:  length  of  bed- 
in.,  width  a  ft  5  in.,  height  of  highest  point  3  ft.  li  in., 
meter  of  armature  2  ft.  9  in.     The  diameter  of  the  shaft 
s  centre  being  1  ft.  9^  in.  above  the  ground  hne.     The 
Lsures  iSin.  by  12^  in. 

rush-holders  are  connected  to  terminals  on  the  bed-plate 
I  of  flexible  copper  strips,  the  method  for  adjusting  the 
ping  shown  in  fig.  212.     E.ich  p.iir  is  carried  by  a  lever 


f  turned  round  the  shaft,  ils  range  Iwing,  however, 
B  length  of  the  slot  in  the  semicircular  coll.ir  directly 
(whaft.    One  end  of  the  icvcr  is  furnished  with  a  small 
S  over  a  curved  guiding-fork,  the  position  on  the 
d  liy  means  of  a  set  screw. 

ll  machine  is  capable  of  driving  as  many  as  ggarc- 

ils  maximum  load,  ihc  number  of  lamps 

1  ctrcuit  may  vary  considerably  from  time  lo 


Lr.hing  out  0  ja 

10  reduces  the  external  resist- 

being  se^mi 

Hd,  the  current  strength  is 

d.     It  is  1^1 

^k  essential  that  under  all 

riuit  Mrc^l 

^^ko  amperes — should  be 

brcguLit^l 

^^fccomes  necessary.  The 

lr">'°V 

^^Lsh  is  ingenious,  and 

1 

^^ 

1 

^^1 
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columns  are  joined  in  series  between  the  two  lerroinal  x 

the  lop,  connection  being  made  between  tlie  two  inner  coin 

FK.  =.4.                                          '"i*-"    "^  = 

/^                                                 tween   the 

■A^    A^ 

at  Ihe  botl 

m 

^r---^ 

7^      3„s  of 

...    Wi 

31 

iir 

% 

frotn  i 

11 

111 
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lermii 

11 

;'" 

ends  ; 
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Is 

..illy       ire 
■■., :<_■[!  the  c 

■ 

:^i 

:;5 
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r      - 
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thus    redw 

^^^B 

[■r'^L 
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larger    proj 

■ 

of  the  cun 
abstracted 

the  Iteld-m 

and   the  st 

1                    r^      ^           ^^^^^j  3 

1 

I             The  method 

of  accomplishing  this  is  illustnitod  in  the  fieinfl 

^k             The  two  solenoids  are  joined  up  in  the  main  drcuit  byl 
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%  shown  at  the  bottom.     Projecting  partly  into  the 

i  soft  iron  cores,  permanently  fixed  to  a  common  yokc- 

mcre  of  which  carries  a  brass  rod  attached  at  its  lower 

one  end  of  a  lever,  whose  fulcrum  is  a  knife-edge  at 

ft  end.     When  by  the  switching  out  of  lamps,  or  from 

use,  the  main  current  passing  through  the  solenoids 

\  cores  are  sucked  upwards  with  greater  force,  and  the 

:h  the  four  columns  rest  is  raised  through  a  short  dis- 

lever,  thus  compressing  the  carbon  plates  and  reducing 

listance,  with  the  result  that  the  current  in  the  field- 

FOportionally  reduced.     A  dash-pot  is  attached  to  the 

he  lever  to  prevent  sudden  or  jerky  inovernenls,  the 

tmcnt  being  obtained  by  means  of  a  spiral  spring  and 

reights  slipped  over  a  vertical  pin. 

Ramos  are  made  in  a  great  variety  of  sizes  and  forms, 

W  various  classes  of  work,  the  armature  being  some- 

l  with  twelve  coils,  in  which  three  sets  of  commu- 

rushes  are  required.     A  very   remarkable   machine 

ructed  for  the  purpose  of  smelting  aluminium,  the 

ired  being  3,200  amperes  with  an  electro -motive  force 

Its  actual  speed  when  developing  its  maximum 

ittle  over  400  revolutions  per  minute.    The  cores  of 

piets  are  of  cast-iron  and  cylindrical  in  shape,  with  a 

(I  inches  and  a  length  of  16  inches,  the  total  weight 

tt  with  which  they  arc  wound  amounting  to  542  lbs. 

je  contains  825  lbs.  of  copper  wire,  and  has  an  iron 

hg  1,600  lbs.     The  machine  measures  about  15  feet 

^Kt  wide,  and  stands  5  feet  high. 

^Hnerform  of  open-coil  dynamo  in  general  use  is  the 

^^HHii  of  which  a  general  view  is  shown  in  fig.  215. 

^^Hh'  itself,  having  many  peculiar  features,  altogether 

^^^■pse  of  any  other  with  which  we  have  dealt. 

^^^H9- magnets  plaoa^urizon tally,  with  their  oppo- 

^^^El>  oiiiir.     Tl^^^Kpmparatively  little  iron  in 

^^^^kiclji ,, JIM, IS ^^^^Liron  tube  flanged  at  both 

^^^^^^^ht'  .inna^^^^^Btth  a  spherical  cavity  to 

^^^^^Bbc  sti.ip^^^^^kaiuie  that      a 

^^^^^^^Bwucw^^^^^^k'ange,  tc^voVvc^ 


other  iJo°,  and  thea'/»'/f  of  ilie 
half  of  tliii  second  coil  is  then 
filially,  the  remainder  of  the  fii 
Bponding  first  portion. 

When  the  armature  is  rotated 
are  induced  in  each  of  the  coi 
place  in  each  case  when  the  plai 
the  lines  in  the  resultant  field, 
r.oursc,  distorts  the  field  somew 
certain  angle  in  the  direction  ol 

'•""""'""•"iTiffrrmMfaiii 
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ront  of  the  other.  The  consequence  of  this  arrangement  is  tliat 
he  most  active  coil  is  joined  up  in  series  with  the  remaining  iwu 
ess  active  coils,  which  are  joined  together  in  parallel.  In  the 
ase  shown  in  fig.  ii8,  the  coil  a  is  approaching  the  best  poshion; 
rhile  b  and  c  are  in  the  intermediate  stage,  and  are  therefore 
oined  up  in  parallel.  The  resulting  e.m.f.  is,  consequently,  that 
Jue  to  the  mean  E.M.F,  of  B  and  c,  added  to  the  separate  e.m.f. 
sf  A.  As  the  armature  rotates,  B  approaches  the  best  position,  and 
its  commutator  segment  alone  is  then  in  contact  with  the  brushes 
i,  f,  while  c  and  a,  which  are  brought  to  the  intermediate  positions, 
are  joined  in  parallel.  These  changes  are  continually  repeated  as 
the  coils  pass  through  the  different  portions  of  the  field. 


1  the  case  of  the  Brush  dynamo,  this  machine  being  series 
Wound  and  used  on  a  circuit  of  Inigh  resistance  for  driving  a  large 
number  of  arc -lamps  joined  in  series,  the  switching  out  of  any 
of  the  lamps  tends  to  cause  an  increase  in  the  current  strength, 
while,  conversely,  the  switching  in  of  lamps  causes  a  diminution. 
Hence,  in  order  to  keep  the  current  at  a  nearly  constant  strength, 
some  regulating  device  is  necessary.  The  method  adopted  con- 
aisis  in  simply  altering  the  position  on  the  commutator  of  the  two 
brushes  forming  each  pair.  It  will  be  observed,  from  the  com- 
mulator  in  fig.  ai8,  that,  the  brushes  being  Go°  apart,  no  coil  is 
tbrown  out  of  circuit  at  any  part  of  the  revolution,  and  this  is  what 
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wc  TBijr  call  the  nomul  stale  of  afiUirs.  When, 
ciUTcnt  bib  in  strength,  each  jiatr  of  brushes  is  closed  up  au 
nHikaltv,  so  that  all  the  coils  arc,  in  lum,  disconncaed  (cf 
moiDenl  when  they  are  passing  the  neutral  jxisition,  and 
tberdbre  nearly  idle.  The  E.M.K.  of  the  two  coils  in  poralld 
the  imian  of  their  tndiddual  E.U.f.'s,  and  is,  obvionsly,  loi 
by  a  comparatively  idle  coil,  so  that,  at  the  moineni  when  thcj 
coil  is  thrown  out,  the  E.M.F,  resulting  from  the  other  of  the  t 
coils  in  question  is  greater  than  it  would  be  were  they  both 
laralleL  If  tliis  closing  up  of  the  bnishes  were  to  taie  i 
then,  when  the  arauiture  is  in  the  position  shown  in  thefignre,! 
compaiaiively  inacti\'e  coil  b  would  be  disconnected,  and  A 
joined  to  the  external  circuit  in  series.  Tlie  maximum 
would  be  developed  when  each  pair  of  brushes  is  so  closed  up 
to  form  practically  one  brush,  in  which  case  the  least  active) 
would  be  always  out  of  circuit  and  the  other  two  joined  up : 
series.  From  this  point  any  opening  of  the  brushes  puts  \m\ 
the  coils  in  parallel  for  a  greater  or  less  interval  of  t 
reduces  the  e.m.f.  actually  developed;  therefore  when  Ihccum^ 
becomes  abnoniiaily  strong,  the  brushes  are  opened  uadl  ll 
tM.F.,  and,  consequently  also,  the  current,  are  reduced  tod 
nonnal  \-alue.  The  motion  given  to  the  brush-holdas  t^  d 
regulator  is  such  that  the  following  brush  of  each  pair  iravtli  Ih 
times  as  fast  as  the  leading  brush. 

The  brushes  d,  e,  f,  ^,  are   mounted  on   a   douUe  In 
having  a  scissors- like  niovenieni  about  a  common  cenirt   T 
end   of  the  lever  carrying   llie  brushes   rf  and  /  is  ( 
by  the  bar   h  to  the  armature  k,  under  the  t-lectromagiw  I 
This  armature  is  hinged  at  L,  and  when  the  currL'nt  in  ihe  in 
circuit  becomes  excessive,  k  is  aitr.icted,  J  and  /are  drawn ■ 
over  the  commutator,  while  e  and  g  are  pushed  forwariljl 
simple   combination    of  levers  not   shown   in   the  figure,    m 
electro-magnet  m  and  the  double  solenoid   p  are  both  in  4 
main  circuit  with  the  field- magnets  ff  and  the  Samps  g;1< 
normally  m  is  short-circuited  by  wires  whose  circuit  may  be  b  ' 
at  xy.     The  contact  x  is  attached  to  the  yoke  of  the  two  c« 
the  solenoids,  and  the  first  effect  of  an  i 
to  raise  the  cotes,  hizak  the  contact  at  x^,  and  so  cause  the  n 
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mt  to  pass  through  m,  which  then  attracts  K  and  o[x:ns 
A  high  resistance  carbon  shunt  is  inserted  at  s  to 
e  spark  at  xy.  It  will  be  noticed  that  the  end  of  the 
I  shaped  somewhat  peculiarly  and  fits  into  a  corre- 
wity  in  the  armature ;  this  shape  is  calculated  to  dimi- 
i  of  attraction  uniformly  as  the  armature  recedes 
The  regulating  apparatus  Is  shown  in  position  in 
;  small  cylinder  to  the  right  of  the  electro- magnet 
t  for  stead>'ing  the  movements  of  the  lever. 
S  one  other  device  pertaining  to  the  Thorn  son -Houston 
,  reference  is  necessary,  and  which  is  employed  to 
Pie  exces  fic  „g 

_J1^ 


B  out  the 

e  automatic  'hlnwcr'  by  which  tiiese  timely  puff's  are 

i'lhown  in  seaion  in  fig.  219.    A  circular  steel  hub, 

on  to  the  shaft,  x,  and  revolves  left-handcdly  in  an 

iter  in  ihc  ^"~^  *"  %,tt.     Air  enters  this  chamber 

are  protected  by  wire-gauze 

lub  H  i  kith  three  radial  slots,  in  and 

kslips  can  slide  freely.     As 

I  liy  centrifugal  force,  awi. 


^ 
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pressing  continually  against  the  walls  of  the  chamber,  force 
in  front  of  them  and  out  at  the  hoks  a  a.  to  each  of  which 
nccted  one  of  the  two  oomIcs  above  referred  to.  The  d 
is  fixed  to  the  framework  of  the  machine  in  the  neccssai^'  | 
for  the  maximum  force  of  the  blast  to  take  place  at  tt 
moment,  o  is  a  vessel  from  which  oil  passes  into  the  e 
chamber  through  the  aperture  i. 

The  machine  illustrated  is  designed  to  supply  a  cut 
about  9^  amperes  to  34  arc-lamps  in  series.  The  ami 
£  feet  in  diameter,  over  all,  and  the  resistance  of  the  field-l 
and  of  the  armature  is  in  each  case  lo^  ohms. 

In  addition  to  the  dynamos  which  have  been  described 
and  the  preceding  chapters,  there  are  many  others  to  wl 
scope  of  this  work  has  not  permitted  us  to  refer,  although ; 
them  are  well  wortliy  of  study.  We  believe,  howc\-cr,  th 
enough  has  been  said  to  give  the  student  a  good  insight  il 
science  of  dyrumo-building  as  it  is  now  practised-  Wl 
have  given  sectional  views  or  working  drawings,  they  have] 
most  part  been  specially  pre^iared  for  this  work  and  % 
machines  manufactured  since  the  summer  of  1889. 

A  comparison  of  these  chapters  with  works  of  a  similar  ( 
icr  published  a  few  years  ago,  will  show  that  the  moderi^ 
in  dynamo  design  is  Cowards  simplification  and  unifotri 
detail.  As  an  example  of  the  latter,  we  may  cite  the  consq 
of  commutators,  in  which  the  materiab  now  employed  aidj 
always  exactly  alike,  while  in  the  manner  of  building  up  til 
so  as  to  prevent  the  sections  flying  cut,  there  is  very  li 
difference  to  be  found.  This  similarity  is  what  might,  p 
anticipated,  for  if  the  vast  number  of  experiments  whiia 
been  performed  by  the  various  manufacturers  to  determiKj 
is  tlie  best  appliance  to  perform  a  given  kind  of  work,  haw 
equally  exhaustive  and  accurate,  an  almost  identical  n 
Jiave  been  arrived  at.  'I'hus,  no  raeiai  has  been  found  si 
hard-drawn  copper  for  the  bars  of  a  commuuior,  \ 
extremely  difficult  task  of  satisfactorily  insulating  these  b 
case  of  a  closed-coil  commutator,  nothing  has  been  i 
which  approaches  mica ;  indeed,  were  this  mineral  not  fl' 
it  is  probab\e  that  ^utot  a\x.exa.i.\ovi  would  have  had  to  bi 
in  the  general  desi^u.  ~ 
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!at   things  were  at  one  time   expected  of  asbestos  for 

iting  purposes,  but  it  proved  to  be  a  good  absorljent  of  oil 

i  chaired  by  the  siKirking,  while  the  adhesion  of  metallic 

I  abraded  from  the  bars  and  brushes  soon  developed  a 

'  or  less  amount  of  short-circuiting  with  its  concomitant 

A  somewhat  similar  result  attended  the  use  of  simple  air- 

t  for  insulating  the  bars,  for  the  metallic  dust  or  scrapings 

molated  sooner  or  later  at  the  bottom  of  the  spaces,  which, 

5  numerous,  were  necessarily  narrow.     Occasionally  a  special 

is  given  to  a  commutator ;  for  instance,  that  of  the  small 

T  shown  in  fig.  134  is  built  against  the  end  of  the  armature, 

pdividual  bars  being  disposed  radially.   The  object  here  is  to 

ice  the  length  of  the  machine,     A  special  commutator  is  also 

ployed  with  the  machine  illustrated  in  (ig.  221,  the  object  of 

m  is  explained  in  the  description. 

Again,  the  lamination  of  the  core  of  an  ordinary  cylinder  or  of 
jBia  armature  is  a  matter  upon  which  little  doubl  now  exists,  for 
l«s  certain  as  it  well  can  be  that  the  magnetic  resistance  should 
p^  as  low  as  practicable,  a  result  only  to  be  arrived  at  by 
pj^  metallic  continuity  in  the  direction  of  the  lines  of  force 
i^g  extremely  thin  insulation ;  while,  on  the  other  hand,  the 
"1  must  be  carried  far  enough  to  sufficiently  reduce  the 
~~  Is.  Nolliing  better,  therefore,  can  he  devised  than  a 
I  iron  plates  of  high  permeability,  separated  by  the 
*ib]e  layer  of  insulating  material,  the  only  doubtful 
:  thickness  of  the  plates.  Such  experiments  as 
e  end  of  the  preceding  chapter  m.ay  help  to 
s  just  possible  lliat  by  this  means  some 
mtually  be  gained  which  will  enable  the    , 

il  arniaturL-s  it  is  probable  that  the 
i  frequenlly 
B  simple  field,  and 
tcd  to  possess 
see  that  tlie 
I  types  to  one  or 
|lmost  every  In- 
to \XSfc\^. 
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■tniction  of  dynamos  is  in  the  form  and  arraiigement  of  the  fidi]- 
,in.ignel5,  and  these  matters  are  frequently  determined  by  local 
drtiimsuinccs.  For  example,  one  maker  may  have  tools  ap»l)le 
of  doing  a  class  of  work  altogether  out  of  the  question  at  anothw 
CiLtory,  Or,  again,  the  question  of  Weight  may  have  to  be  lakai 
into  account,  dictating  the  use  of  wrought -iron  where  oihcnti* 
ca^l-iron  would  be  the  more  economical 

The  theoretical  form  of  field-magnet,  circular  in  seciion  (so  ji 
to  require  the  minimum  amount  of  wire),  and  made  of  soft  iron  itiib 
out  molecular  discontinuity,  is  too  expensive  and 
be  rigidly  followed,  especially  in  large  machines.    Equally  po«f( 
fields  can  be  produced  with  rather  more  copper  wire  and 
greater  expenditure  of  power  in  the  field-magnet  coib  by  the 
|>arlially  or  entirely,  of  cast-iron,  with  close-fitting  joints. 

The  great  \-aricly  in  the  form  of  field-magnets  is  also 
due  to  the  difference  in  the  views  of  the  various  malcers  as  Riihi 
method  of  obtaining  the  most  economical  eonstmction.  Very  £ 
now  manufacture  dynamos  with  the  armature  at  the  lover  ( 
ttemiiJes  of  a  pair  of  vertical  field-magnets,  where  slabs  of  aiK 
frames  of  gun-metal  have  to  be  interposed  between  the  poltpiBo 
and  the  iron  bed-plat^  to  reduce  the  magnetic  leakage, 
times  this  type  is  adopted  in  order  to  economise  space  and  r 
the  machine  as  squat  or  short  as  possible,  three  coils  being 
wound  on  the  field-magnet,  one  on  each  1^  and  the  third  on 
we  are  accustomed  to  call  the  yoke. 

The  purt>ose  for  which  dynamos  are  most  frequently  dc 
is  to  light  a  number  of  incandescent  lamps  joined  up  in  panh 
<  irciiit.  It  is  necessary  to  maintain  a  constant  potential  diffe 
at  the  terminals  of  these  lamps,  say  of  no  volts,  and  o 
qnentiy  the  machine  employed  should  be  shunt-wound,  « 
very  low  resistance  in  the  armature  ;  or,  if  the  number  of  Un 
likely  to  Iw  subject  to  considerable  variation,  the  machine 
be  com  pound -wound.  For  the  important  work  of  'chatgjtg, 
secondary  batieiies,  a  simple  shunt-wound  machine  is  die 
suitable.  A  series  dynamo  is,  of  course,  capable  of 
this  work,  but  it  requires  to  be  used  with  extreme  carei  becauiei 
the  electromotive  force  of  the  cells  rises,  its  opposition  to  llaH 
the  machine  becomes  more  pronounced  and  the  cutrcnl  » 
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k-atue.  Tbe  polarity  of  the  field-magnets  may,  indeed,  be 
niually  reversed,  when  the  current  from  the  cells  will  drive  the 
dline  as  a  motor.  On  the  other  hand,  when  using  the  shunt- 
chine  the  electro -motive  force  of  the  cells  lends  to  increase  the 
tent  passing  through  the  field  coils,  whence  the  danger  of 
ersal  is  diminished. 

Many  dynamos  are  now  employed  for  the  deposition  of  metals, 
ctroplating,  &c.,  and  for  this  purpose  they  are  required  to 
nish  very  heavy  currents  at  a  low  potential  difference.  They 
!  frequently  series-wound  and  it  is  necessary  that  the  internal 
BSUnce  should  be  extremely  low,  otherwise  considerable  power 
Hild  be  wasted  by  the  passage  of  the  currents,  which  sometimes 
ceed  1,000  amperes.  To  obtain  this  low  resistance  a  drum 
mature  may  be  constructed  with  very  massive  bars  for  the  active 
nductors,  the  field-magnet  coils  consisting  of  a  few  convolu- 
tns  of  massive  copper  band.  An  electro-motive  force  of  from 
I  to  eight  volts  is  usually  ample,  and  this,  notwithstanding  that 
t  comparatively  few  active  conductors  round  tlie 
ature,  can  be  obtained  without  the  necessity  for  driving  al  a 
1  si>eed.  But  it  is  not  an  easy  matter  to  secure  these  massive 
[,  and  consequently  many  machines  are  made  with  a  number 
hirly  thick  wires  joined  up  in  parallel  to  form  one  condiiciur. 
Irder  to  reduce  as  far  as  possible  the  loss  of  energy  ai  the 
Inutator  it  is  essential  thai  the  brushes  should  be  large,  and 
Imount  of  contact  surface  considerable.  A  large  machine, 
Uhat  similar  in  appearance  to  that  depicted  in  fig.  185,  has 
(constructed  for  electro-deposition  work  ;  it  develops  the 
rattvely  high  e.u.f.  of  50  volts,  and  can  yield  1,00a  amperes 
leed  of  350  revolutions. 

lliipolar  machines,  as  has  already  been  indicated,  afford  a 
f  easily  securing  mechanical  strength  with  extremely  low 

Isupplying  current  to  a  ntimber  of  pieces  of  apparatus 
a  series,  whether  arc-lamps,  low -resistance  incandescent 
I  motors,  it  is  necessary  to  maintain  a  constant  current 
Icondilions.  The  two  open-coil  machines  described  in 
^er,  and  the  dynamo  illustrated  in  fig.  194,  are  suitable 
|iss  of  work. 
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We  must  now  give  some  attention  to  the  important  ct 
dynamo -electric  machines  employed  for  the  purpose  of  co 
at  any  desired  point,  energy  supplied  to  the  machine  in  theft 
of  electricity,  into  enei^  in  the  form  of  mechamcal  motion, 

In  its  widest  sense  this  conversion  rests  upon  the  fed! 
whenever  any  of  the  lines  of  force  forming  part  of  l«fO  a 
generated  magnetic  fields  traverse  a  common  sjiace,  th 
decided  action  between  the  two  sets  of  lines,  the  lendenqil 
to  so  alter  their  paths  that  as  many  lines  as  possible  shall  CIT^ 
in  direction.  By  bearing  in  mind  this  simple  gencnl  nb 
difficulty  should  be  experienced  in  predicting  the  results 
will  follow,  even  in  complicated  cases.  This  mutual »  " 
place  independendy  of  tlie  means  by  which  the  fields  M 
vcloped,  whether  by  currents  in  two  wires  (straight  or  coiW 
or  without  cores),  or  by  permanent  magJiets  ;  or,  the  one  fi 
a  current  in  a  wire  and  the  other  by  a  magnet.  In  the  d 
make  the  coincidence  a  maximum,  both  Helds  are  C 
the  configuration  which  they  would  independently  have  re 
and  this  configuration  is  again  assumed  immediaiel]r  A 
removed  from  each  other's  influence.  Consequently,  ri> 
lines  of  force  pertaining  lo  two  fields  approach  each  olht( 
mutual  action  sets  up  a  stress,  the  effect  of  which  is 
impart  such  a  motion  to  the  material  substances  (whelfaerl 
bar  or  a  conducting  wire),  employed  in  generating  the  fields,! 
m,il;e  them  take  up  positions  in  which  the  lines  of  I'orMi' 
both  fields  coincide  to  the  greatest  possible  extent.  The  sn 
lids,  the  greater  is  the  force  thus  acting,  and,  if  stiSt 
sttong,  mecWn\ta\  wioiion  is  imparted  to  thai  body  *hidl  I 
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y-      For  instance,  suppose  one  field  lo  be  a  simple 

*  between  the  two  pole-pieces  of  a  powerful  field- 
»s  has  been  described,  and  the  other  field  lo  be 

*  current  in  a  circular  loop  of  wire.  If  the  loop  is 
^y  with  its  edges  towards  the  pole-pieces,  that  is, 

*  parallel  to  the  lines  of  force  of  the  field-m^net, 
^f  its  own  field  will  be  projected  at  right  angles  to 
Per,  and  the  field-magnets  being  too  massive  to  move, 
j»  freely  suspended,  immediately  turn  round  through 
:  lines  of  force  of  the  other  field  thread  through  it  in 
aion  as  its  own  lines.  If  free  to  move  in  any  direc- 
Me  position  of  rest  will  be  in  the  densest  portion  of 

*  the  number  of  lines  passing  through  it,  and  coin- 

bfction  with  its  own  lines,  is  a  maximum.  If  the 
the  loop  is  then  reversed  in  direction,  it  will  turn 
'd  until  die  lines  of  both  fields  again  coincide. 
Ptis  a  means  of  imparting  mechanical  motion  to  a 
r*''*^^  in  this  case  a  loop  of  wire  ;  and  a  continual 
*^n  be  maintained  by  reversing  the  current  in  the 
^•»on]ent,viz.  just  when  its  momentum  has  carried 
*ne  point  which,  in  the  absence  of  this  reversal, 
^^tion  of  rest.  It  remains  to  be  seen  how  the 
k  a  scale  such  that  the  force  with 
into  a  new  position  may  amount 


B  simple  case  of  a  closed-coil  armature  with  a 

r,  as  illustrated  in  fig.  149,  it  will  be  observed 

'nt  through  the  two  coils  in  parallel,  while  in 

\uo    ixiovement  results  when  the  direction  ol 

ptliat     the  tines  of  force  due  to  it  coincide  in 

is  the  position  ol 

is  reversed,  it  will 

coincidence  again 

rushes  pressing  on 

segment  slides 

ition  of  rest 

reversed,  and  K 


1 
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mighl  come  to  rcftl  suiidciil)-  at  a  dead  point,  and  would  rot  SI 
again  from  such  a  position  ;  but  the  number  of  coils  can  be  i 
creased  with  advantage  until  we  have,  pracdcallf,  an 
similar  to  those  used  in  generators.  On  a  current  being  i 
through  such  an  armature,  each  coil  strives  to  set  itself  with 
plane  at  right  angles  to  the  field,  in  which  position  the  coincide 
of  the  two  sets  of  lines  is  at  a  maximum.  Immediately  tint 
arrives  at  this  point,  tiie  current  in  it  is  reversed,  cauung ) 
exert  a  similar  force  in  the  same  circular  direction,  during  ai 
half  revolution. 

The  armature  may  be  of  the  ring,  drum,  or  flat-disc  lyp«ii 
it  fortunately  happens  that  most  of  the  principles  undedyiog 
design  and  construction  of  a  good  generating  dynamo,  bdd  eqa 
well  for  a  motor.  The  fixed  field  is  usually  supplied  by  powa 
electro- mag  nets  as  in  the  case  of  generators,  these  being  ad 
by  a  current  from  the  same  source  as  that  which  supplies  I 
armature.  Many  of  the  troubles  which  in  dynamos  are  ava 
or  reduced  hythc  employment  of  a  fixed  field  sufficieniiyitTKH 
oveqrower  that  developed  by  the  armature,  are  also  inherent  ii 
motor,  and  may  be  avoided  by  the  same  arrangemenL  But  ill 
motor  the  question  of  weight  is  frequently  of  considerable  il 
[Kirtance.  For  instance,  the  machine  may  be  employed  for  B 
purpose  of  propelling  a  vehicle,  and  in  such  c^ses  the  wetgbli 
the  motor  is  added  to  that  of  the  vehicle,  and  involves  a  pi 
liunally  increased  expenditure  of  power  in  moving  it.  h^^it 
constructing  a  motor,  even  more  care  must  be  exercised  than  til' 
a  dynamo,  in  rendering  the  armature  able  to  resist  siiddoi  Ik 
strcs.<%s  without  risk  of  damage  the  reason  for  which  wi  Ijj 
more  apparent  presently. 

We  have  already  learned  that  when  a  conductor  moves  tb 
a  magnetic  field  in  such  a  manner  that  it  cuts  the  lines  of  Si 
transversely,  an  e.m.f.  is  induced  in  the  wire,  this  e.1(.f. 
pending  upon  the  density  of  the  field  .ind  the  velocity  of  tbew 
the  cause  which  sets  the  wire  in  motion  being  quite  imouKO 
And  if  an  independent  current  is  already  flowing  in  the  'ifft  ^ 
clectfo-raotive  force  induced  by  the  motion,  will  either  lend  HJ 
increase  or  decrease  this  current,  according  to  its  directioa  I'  " 
wiien  a  wire,  free  to  move,  is  placed  in  a  certain  position  m  ll 
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etic  field,  and  a  current  is  sent  through  it,  it  qnicVIy  moves 
new  position.  But  in  the  very  act  of  moving  across  the 
the  wire  cuts  the  lines  of  force,  and  an  electro-motive  force 
isequenlly  induced  in  it.  As  such  reactions  always  tend  to 
he  motion  of  the  moving  body,  and  as  any  reduction  in  the 
11  must  ncccs:^arily  reduce  the  force  with  which  the  wire  is 
il  (by  the  mutual  action  between  the  fields),  the  induced 
.  must  oppose  and  reduce  the  current  which  is  flowing, 
I  consequence  of  this  'counter-electromolive-force,' the  current 
I  a  given  external  source  of  e.m.f.  can  send  through  a  motor, 
;  with  the  speed  at  which  the  wire  of  the  movable  part  of  the 
ine  is  at  the  moment  culling  the  lines  of  force  of  the  field. 
I  the  revolving  part  is  forcibly  restrained  from  moving,  the 
It  is  at  its  maximum,  being  simply  the  quotient  of  the  e.m.f. 
;d  by  the  resistance.  But  when  it  is  allowed  to  move,  the 
It  Immediately  falls  in  value,  and  the  higher  the  speed,  the 
T  is  the  strength  of  the  current.  This  may  be  observed 
imentally  by  placing  an  ammeler  in  circuit  with  a  battery 

motor,  and  then  varying  the  speed  of  the  latter, 
ow,  any  one  of  the  dynamos  hitherto  described  can  be  used 
motor.  For  instance,  we  may  take  a  direct  current  series- 
d  machine,  and,  by  simply  passing  a  current  through  it  from 
lery  of  secondary  cells,  can  cause  the  armature  to  rotate 
ly.  The  force  with  which  the  armature  moves,  depends  upon 
Tength  of  the  fields  produced  by  it  and  by  the  field-magnet, 
hese  in  their  turn  depend  upon  the  strength  of  the  current. 
he  internal  resistance  of  a  secondary  battery  is  very  low,  and 
It  of  the  machine  is  also  low,  an  enormous  current  will  pass 
■  the  armature  is  at  rest ;  suflScicntly  strong,  if  maintained 
ny  length  of  time,  to  damage  it.  But  immediately  the 
lure  begins  to  move,  this  enormous  current  falls,  until  pre- 
1  the  speed  of  rotation  and  the  counter-electromotive-force 
become  so  high  that  only  a  very  small  current  can  flow,  the 

with  which  the  armature  turns,  or  the  torque,'  being,  of 
e,  also  considerably  reduced.     This  variation  is  extremely 

rhe  'torque'  b  Ihe  moment  of  Itie  torce  wbich  lends  to  cause  rotation.  In 
A  il  is  equal  to  the  longih  of  the  arm,  lliat  is,  tbe  radius  of  the  amialurb 
ilkd  bjr  (be  pull  at  tbe  ciicumference  on  the  csnduclor. 


effected,  and  before  any  dH 
over-healiog.  The  nccesH 
sudden  heavy  stresses  as  tfl 
heavy  load,  requires  exc« 
mechanical  construction  offl 
is  here  directed  to  the  macti 
armature  conductor  lies  inl 
plate  of  which  bears  direct™ 
tioD  being  such  as  to  rendJ 
enormous  torque  without  inji 
Supijosing  the  field  toj 
current  in  the  armature  of| 
must  be  the  reverse  to  its  * 
if  the  direction  of  rotation 
case ;  indeed,  we  have  just  si 
is  opposite  to  that  which  pn 
fore,  if  the  direction  of  the 
which  would  be  developed  b 
of  the  armature  or  of  the  fiei 
be  reversed  ;  or  if  a  rotatiot 
the  connections  should  be  lei 
round  to  suit  the  reversed 
other  hand,  will,  without  any 
if  an  E.M.F.  opposit^^tha 


'he  distoriion  of  the  field  observed  when  a  machine  is  used 
jenerator  also  occurs  when  it  is  employed  as  a  motor,  because, 
the  brushes  are  at  zero,  the  lines  of  force  of  the  armature 
are  at  right  angles  to  those  of  the  field- magnets.  But  the 
tion  of  the  current,  and  therefore  of  the  lines  of  force,  being 
sed  in  the  case  of  a  motor  armature,  the  direction  of  the 
tant  field  is  also  different.  The  amount  of  the  distortion 
(ids,  obviously,  upon  the  relative  strengths  of  the  two  fields, 
very  slight  when  the  field-magnets  overpower  the  armature, 
n  all  cases  the  direction  of  the  resultant  field  is  such  that  the 
les  must  be  shifted  backivard  to  place  them  on  a  diameter 
;ht  angles  to  the  lines  offeree,  and  so  to  avoid  sparking, 
"he  distortion  of  the  field  of  a  motor  is  illustrated  in  fig.  2 
b^bould  be  compared  with  the  corresponding  figure  (156)  for  ■• 


neraior.  '  The  density  of  the  lines  of  force  is  greater  at  the 
s  A  A  which  the  armature  is  approaching,  and,  as  a  conse- 
ce,  any  iiregalar  distribution  of  iron  in  the  armature  core 
3  stronger  eddy  currents  and  develops  more  heat  at  these 
:s,  than  at  the  horns  b  b  from  which  the  armature  is  receding, 
the  case  of  a  dynamo.  With  an  ordinary  armature,  however, 
heating  is  not  very  great,  and  in  all  cases  it  is  influenced  to  a 
in  extent  by  the  fact  that  a  current  of  cold  air  is  drawn  in  at 


I 
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A  K  and  ejected  somewhat  warmer  at  b  b.  In  the  case  of  a  moio^ 
therefore,  this  air  current  tends  to  reduce,  and  in  the  case  J 
generator  to  increase,  the  difference  of  temperature  between  dl 
two  horns  of  each  pole-piece. 

The  current  through  the  armature  of  a  motor  frequently  mi 
considerably,  and  this  may  cause  a  shifting  of  the  resulunifidi 
and  ilierefore  also  necessitate  an  alteration  in  the  [losilion  di  d 
brushes,  but  in  all  cases  a  reduction  in  the  angle  of  lead,  a 
immunity  from  sparking  with  a  variation  of  the  armature  cuiiffl 
may  be  obtained  by  employing  a  very  powerful  field  relatively  I 
lliat  produced  by  the  armature.  But  this  necessitates  considenb 
weight,  especiajly  in  the  field  nw^net  cores.  Hence,  the  su period 
of  wrought-iron  of  high  permeability  is  apparent,  although  e» 
r.-hen  this  is  used  the  weight  of  a  motor  built  upon  this  princ^ 
is  still  considerable.  As  we  shall  see  presently,  the  most  effeOr 
plan  of  constructing  a  light  but  efficient  machine  is  to  ansnj 
that  the  armature  field  shall  be  very  powerful  and  reinforce  ihfl 
of  the  field-magnets,  special  precautions  being  taken  to  prcn 
the  siiarking  which  would  otherwise  ensue.  But  at  the  same  lii 
it  must  be  remembered  that  the  advantages  accruing  to  the  use  of 
powerful  field-magnets,  even  at  the  expense  of  extra  weight,  are  no< 
lightly  10  be  thrown  away ;  and  that  in  ordinary  cases  it  is  nni] 
true  economy  to  sacrifice  much  in  order  to  save  a  little  wcigliL 

The  electrical  power  may  be  supplied  either  at  a  con-tini 
pressure,  or  constant  current ;  in  the  former  case  rcgiilji-on  f 
comparatively  easy,  while  in  the  lattergreatereconomyinthedi'tn 
bution  of  power  can  sometimes  be  effected.  Supposing  a  consiani 
potential  to  be  maintained  at  the  terminals  of  a  shunt-wouful 
motor  ;  the  current  through  the  field-magnet  coils  will  alwap  he 
the  same,  and  therefore  the  strength  of  the  field  remains  cor 
hut  the  current  through  the  armature  depends  upon  the  spud  A 
rotation,  being,  in  fact,  determined  by  the  excess  of  the  sjiflttii 
electro- motive  force  over  the  counter-elcctro-motive  force.  Sup- 
posing the  machine  to  be  employed  in  driving  a  tram-car  :  liieii. 
for  example,  when  the  car  commences  to  mount  an  incline,  ibe 
armature  shaft  is  called  upon  to  perform  additional  work, » 
tends  to  reduce  the  speed  of  rotation ;  this,  however,  by  rediKinj 
^t  counter- electro- motive  forc^  immediately  allows  a  str 


Regulation  409 

t  to  pass  through  the  armature,  and  affords  the  necessary 

electrical  power  to  perform  the  extra  work.     On  the  other  hand, 

should  the  car  be  allowed  to  attain  a  high  speed  in  descending  an 

incline,  the  counter-E.M.F.  would  reach  a  high  value,  so  high  in 

fact   that  very  little  current  would  pass  through    the  armature, 

whence  very  little  electrical  power  would  be  expended.     The  de- 

1.1  irul  upon  the  source  of  the  electrical  power  is  thus  to  a  certain 

■.I  nt  automatically  regulated  in  a  very  simple  manner  according 

■  the  requirements,  and  this  effect  of  the  countcr-electro-motive 

ne  obtains,  whatever  the  purpose  may  be  for  which  the  machine 

r.rn  ployed. 

If  the  armature  resistance  is  extremely  low  and  that  of  the 
■int-coils  high,  and  if  the  field-magnet  develops  a  much  greater 
.  '-.1  than  the  armature,  the  variation  of  lead  will  be  but  slight, 
ii  further,  the  machine  will  to  a  great  extent  be  self-regulating 
-    regards    speed.     But  since    these  conditions   are  not  always 
'Mined  in  a  motor  to  the  same  extent  as  in  a  dynamo,  chiefly  on 
.  ount  of  t!ie  anxiety  to  reduce  the  weight,  few  shunt  motors  are 
.tiiciently  self-regulating  to  meet   all   requirements.     We  have 
.seen  that  when  an  additional  load  is  thrown  on  the  motor,  the 
resulting  reduction  in  speed  immediately  allows  the  passage  of  a 
stronger  current  through  the  armature  ;  but  if  the  speed  is  to  be 
Vfpt  constant,  the  counter-electro-motive  force  also  will  be  con- 
-  ■  !it,  and  then  the  current  through  the  armature  can  hardly  vary 
:  all,  so  that  the  two  conditions  are  opposed  to  each  other.     But 
v  reducing  the  strength  of  the  tield  developed  by  the  field- 
mjynels,  the  counter-E,M.F.  can  also  be  reduced,  and  therefore 
n  stronger  current  can    be  passed  through  the  armature  when 
rotating  at  a  given  speed.     It  is  necessarj-,  then,  to  devise  some 
means  of  reducing   the  strength  of  the  field  when  the  load  is 
increased  and  the  current  in  the  armature  rises.     The  simplest 
way  of  accomplishing  this  is  to  place  a  few  turns  of  thick  wire 
round  the  limbs  of  the  field-magnet,  in  series  with  the  armature, 
but  wound  in  such  a  manner  as  to  magnetically  oppose  the  shunt- 
coils  instead  of  assisting  them,  as  in  the  case  of  a  compound- 
wotmd  generator.     The  effect  of  these  series-turns  in  weakening 
the  field  becomes  greatest  wlien  the  armature  current  is  strongest, 
ind  vice  versi ;  but  it  should  be  observed  that  since  the  sUotv^es*. 
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current  which  can  pass  through  the  nrmaiurc  docs  sowhe 
at  rest,  the  armature  may  sum  in  either  direction  as  detecinined 
by  the  shuni-ctttl  field,  or  the  field  produced  by  the  heavy  curreni 
in  the  seiies-vindings.  To  avoid  any  uncertainty,  it  is  osi 
Icid  the  ends  of  the  two  windings  and  of  the  armature  separaidy 
to  the  switch-board,  and  to  reverse  the  current  through  the  seiies- 
windings,  so  tliat  both  shunt-  and  series-coils  act  logether  ld 
developing  a  strong  field  at  the  momeni  of  starting,  the  seno- 
tums  being  joined  np  in  the  normal  manner  when  the  speed  liaa 
aiiove  a  certain  value. 

The  field  of  a  shunt  motor  may  also  be  weakened  by  inseflin| 
resistance-coils  as  required,  either  by  hand  or  automatioilly,  or  bj 
altering  the  ampere-tums  in  any  other  manner.  It  appears  at  (inl 
sight  somewhat  paradoxical  that  the  speed  of  a  motor  can  be 
increased  by  reducing  the  strength  of  the  field,  but  the  reduclioti 
of  the  coun I er-electro- motive  force  of  the  armature,  as  roeniioiiK! 
above,  satisfaaorily  explains  the  matter.  The  case  for  a  strau 
rDotor  fed  with  a  constant  current  is  difTerent,  and  the  distinciidfl 
must  be  clearly  borae  in  mind.  If  the  toad  is  decreased,  itfl 
s]>ced  increases,  and  so  gives  rise  to  a  higher  counter- E-M.r.,  b^| 
the  generator  resiTonds  to  this  and  maintains  the  current  coiutii^| 
Consequently  the  speed  of  the  machine  increases  enonn«i^| 
when  the  load  ts  lightened  to  a  great  extent,  and  it  istlieiili^| 
unless  care  is  taken  considerable  damage  may  be  done.  ^1^| 
weakening  of  the  field  of  a  series  motor  reduces  the  ponrergiT^H 
out,  and  therefore,  also,  reduces  the  speed  if  the  load  and  li^| 
current  through  the  armature  are  unaltered.  The  alteration  in ll^B 
strength  of  the  field  is  conveniently  effected  by  shunting  the  ^^1^1 
magnet  with  a  vanable  resistance,  and  the  application  of  oaen^H 
method  will  be  considered  presently.  We  shall  also  refer  to  lt^^| 
manner  in  which  highly  successful  results  have  been  achimdl^l 
means  of  series  motors  supplied  at  a  constant  poientioL  ^H 

Only  a  portion  of  the  power  given  electrically  to  a  notor^H 
converted  usefully  into  mechanical  power,  a  part  being  ^■"■'J^H 
heating  the  armature,  field-magnet  coils,  &c    When  theanud^H 
is  at  rest  the  whole  of  the  electrical  power  absorbed  by  the  '"^H 
,    is  so  converted  into  heat,  and  the  efiictency  of  the  inacbiMiB^M 
'   is,  the  ratio  of  il\c  useful  power  obtained  on  the  shaft  Id  [be  ft^H 
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power  supplied,  is  at  its  lowest  value,  viz.  nought.     When    [he 

annallire  is  moved,  the  useful  performance  of  work  begins,  and  as 

die  current  also  falls  in  strength,  the  power  wasted  in  heating 

■i-rreases.     The  higher  the  speed  of  rotntion,  the  higher  becomes 

counter- E.M.F.,  and  the  less  becomes  the  power  wasted  as  heat 

'  '■  le  conductors  ;  in  fnct,  the  ratio  of  the  power  usefully  ab- 

■'  il  by  the  motor  to  the  whole  power  supplied,  is  very  nearly 

I'.irtional  to  the  ratio  of  the  counter-E.M.F.,  to  the  E.M.V'. 

■iied  at  the  terminals  of  the  machine.    The  efficiency  of  the 

■   '  hinc  is  therefore  highest  when  the  load  is  a  minimum,  that  is, 

when  it  is  doing  least  work  per  revolution,  while  the  torque,  or 

Ibe  force  with  which  the  armature  tends  to  rotate,  is  greatest  when 

rtie  load  is  sufficiently  great  to  prevent  the  armature  turning,  and 

■ . .  n,  therefore,  it  is  doing  no  external  work  at  all.     Now  when  a 

■or  is  running  at  a  high  speed   it  performs  very  little  work 

,  od  during  one  revolution,  although,  the  number  of  revolutions 

ML-  m^  gre.1t,  a  considerable  amount  of  work  may  be  performed 

luring  a  given  interval  of*  time,  say  one  minute.     On  the  other 

tr&nd,  when  the  speed  is  very  low,  the  amount  of  work  per  revolu- 

Son  is  comparatively  great,  but  the  small  number  of  revokitioiis  per 

l!»CiiLite  prevents  the  quantity  of  work  reaching  during  that  interval  a 

•C^  high  value.    By  considering  these  two  extreme  cases,  it  might 

t^  supposed  that  there  is  a  certain  intermediate  speed  of  rotation 

t    which  the  work  performed  by  any  given  motor  is  a  maximum. 

~\ih  is  the  case,  and  the  speed  of  a  motor  at  which  it  can  perform 

1 1;  maximum  amount  of  work  per  minute  is  that  speed  at  which  the 

-'unier -electro -motive  force  becomes  equal  to  the  electro-molivc 

•■"ce  applied  at  the  terminals.     This  result  is  quite  independent 

■"    the  effiaency  of  the  conversion,  which,  as  we  have  seen,  in- 

"eases  with  the  speed  of  rotation. 

In  fig.  221  is  illustrated  a  motor  which  was  constructed  by 
^ssrs.  Goolden  for  an  electric  launch.  The  field-magnet  is  of 
^  single  horse-shoe  shape,  the  cores  being  of  wrought- iron,  secured 
a  wrought-iron  yoke-piece  by  two  horizontal  bolts.  On  the 
'■-T  side  of  each  pole-piece  is  a  gun-metal  supporting  bracket 
^'i  two  flanges,  shaped  to  fit  the  ribs  of  the  boat.  One  bracket 
*^t  at  the  back  in  the  figure)  is  extended  on  either  side  to  form 
^    bearings  for  the  armature  shaft. 
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The  machine  is  shunt-wound,  the  field-magnet  coils  consislini 
of  2,680  convolutions  of  No.  14  s.w.c,  having  a  resistance  of 
696  ohms.  The  armature  is  of  the  drum  type,  and  is  wound  with 
two  No,  14  s.w.G.  wires  in  parallel,  there  being  216  convdatioffi 
of  this  double  wire,  giving  a  resistance  from  brush  to  brush  of 
oi  ohm.  Each  section  has  six  turns,  so  that  there  are  thinysii 
bars  in  the  commutator,  which  is  insulated  throughout  with  mic-i- 
The  adjacent  end  of  the  annalure  is  covered  by  radi.il  exiemlon- 
of  the  commuiator  bars,  the  mica  insulation  being  also  eMcniJi.: 


to  the  poripiiLTy.     'Hiu  otliot  ond  of  the  nriiiaiiire  is  covered bjJ 
metal  plaie  of  an  equal  diameter,  the  rest  of  the  armal 
enveloped  by  a  waterproof  material  securely  banded  0 
the  whole  is  rendered  completely  watertight.     The  arnw 
is,  at  the  end  remote  from  the  commutator,  coupled  direct  0 
the  shaft  of  the   propeller.     The  armature   brushes  and  field-  \ 
m.ignet  coils  are  connected  to  separate  terminals  leading  to 
controlling  switch,  and  the  motor  is  reversed  by  simply  revcfsi"!! 
the  direction  of  the  current  through  the  armature.    To  n 
his  practicable,  the  brushes  are  of  a  special  tyjie  (see  lig.  %• 
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listing  of  steel  springs  placed  flat  against  the  commutator,  and 
aded  with  solid  carbon  blocks  for  making  contact,  the  requisite 
sure  being  given  by  india-rubber  bands  passing  round  hooks 
ic  ends  of  the  springs.  This  motor  develops  five  hotse-power 
n  running  at  500  revolutions  per  minute  i  the  < 
plied  by  secondary  cells,  the  machine  being  designed  to  carry 
imperes  at  95  volts,  but  the  margin  is  such  that  it  can  safety 
r  up  to  70  amperes  for  several  hours  without  risk  of  damage 
)ver- healing. 

The  efficiency  of  this  motor  is  about  85  per  cent.,  which  is 
I  for  so  comparatively  low  a  speed  as  500  revolutions  per 
ute.  In  most  cases  the  difficulty  of  obtaining  a 
enable  efficiency  at  a  low  speed,  without  abnormal  pro- 
.ions  and  correspondingly  heavy  weight,  renders  it  necessary 
un  at  a  high  speed,  and  to  effect  the  reduction  required,  by 
able  gearing.  Thus,  for  example,  the  wheel  of  an  ordinary 
i-car  travelling  at  seven  miles  per  hour  dots  not  revolve  at  so 
I  a  speed  as  eighty  revolutions  per  minute,  and  it  would  be 
kssible  to  construct  a  practical  motor  to  run  at  this  low  rate.  A 
liine  running  at  720  revolutions  might  be  employed,  by  intro- 
;  gearing  which  would  reduce  this  speed  to  about  one-tenth. 
Kelection  of  suitable  gearing  is  not,  however,  an  easy  matter, 
T  must  be  light,  strong,  and  durable,  and  should  produce 
loise  nor  vibration  in  working  ;  and,  while  absorbing  tittle 
I  friction,  it  nmst  be  capable  of  withsUtnding  dust  and 
I  of  being  easily  protected.  Some  very  good  devices,  depend- 
n  friction  to  transmit  the  power  from  a  small  wheel  on  the 
■  rotating  armature  shaft  to  a  larger  pulley  on  the  axle,  havR 
Tiptoyed  with  fair  success  on  tines  where  the  gradients  are 
It  where  the  power  required  to  be  transmitted  is  at  times 
vy,  this  method  is  not  to  be  relied  on.  Ey  means  of  a  pinion 
ir-wheel,  with  or  without  an  intermediate  counter- shaft, 
t  power  can  be  transmitted.  One  principal  objection  to 
big  is  that  it  is  noisy  j  the  teeth  of  the  pinion  on  the 
Ishaft  also  rapidly  show  signs  of  wear. 
kcessaiy  reduction  in  speed  can  also  be  obtained,  and  in 
fcfactory  manner,  by  means  of  a  screw  and  worm-wheel  j 
I  screw,  driven  by  the  motor  shaft,  gearing  into  the 
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leeih  of  a  worm-wheel  on  the  axte  of  the  car  or  on  a  oouniw 
shafL  Chain  gearing  is  also  employed  ;  in  this  case  an  endless 
ch  ain  passes  over  a  small  toothed  wheel  on  the  motor  shaft  intt  i 
larger  one  on  the  axle,  the  teeth  of  the  wheels  fitting  inio  the  linb 
of  the  chain.  The  chain  is,  however,  liable  to  stretch,  and  iba 
the  teeth  do  longer  lit  accurately,  and  slipping  is  likely  to  late 
place. 

In  figs.  322  and  223  a  good  example  of  spur-gearing  li  iUn' 
trated.  The  motor,  designed  by  Lieut.  Sprague,  is  intendeil  fa 
use  on  a  tram-car,  the  field-magnet  being  of  the  single  horsc-ih* 
type,  and  of  wrought-iron  throughout.  At  the  j'oke  end,  iheinoii.; 
is  swung  from  the  axle  of  the  car,  this  bearing  being  shown  !j 


>^. 


^- 


the  left  of  fig.  322,  while  at  the  other  or  atiiialure  end, 

sup[>ortcd,  being  attached  to  the  body  of  the  car  by  n 

spring  shown  in  lig.  223.    Bronze  brackets,  fixed  to  the  pole-cl 

support  the  armature  bearings,  and  a  pinion  on    the  a 

shaft,  as  indicated  in  fig.  123,  gears  with  a  spur-wheel  ca 

a  counter-shaft  which  passes   between    the  limbs  of  the  6 

magnet.     At  the  other  end  of  the  counter-shaft  i 

visible  in  fig.  222,  which  gears  into  a  spur-wheel  keyed  on  lOwtB 

axle  of  the  car,  the  number  of  teeth  being  so  proportioned,  lim  ■ 

the  speed  of  rotation  of  the  axle  is  abuiti  one-twelfth  of  thitrf  J 

the 
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hard  \-ulcanised  fibre.  The  wear  is,  of  course,  greatest  at  the 
teeth  of  this  pinion,  while  the  greatest  power  is  transmitted  by 
the  teeth  at  the  other  end  of  the  train.  The  teeth  are,  however, 
irong  enough  to  resist  a  skady  pressure  far  greater  than  can  be 
-lien  by  the  machine  ;  were  the  full  power  suddenly  applied  with 
..  jerk,  the  strain  would  be  enormously  increased,  but  a  most 
luiportant  function  of  the  supporting  spring  is  to  prevent  this 
taking  place,  by  yielding  slightly  when  the  pressure  is  suddenly 
applied.  But  the  advantage  gained  in  this  way  entails  the  dis- 
advantage that  the  distance  between  the  centres  of  the  engaging 
wheels  is  liable  to  variation.     Consequently,  involute  teeth  are 
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ludc  of  the  extra  current  dcvcluptHi    in  the  coils  o 
breaking  the  circuit. 

Carbon  brushes  are  employed,  the  commutator  bdngd 
usual  form,  viz.  copper  bars  insulated  with  mica. 

In  fig.  334  is  illustrated  the  Immisch  motor,  a  tjrpe  itbid 
in  extensive  use,  and  possesses  some  important  peculiai 
Geld-magncts  are  of  the  double  horse-shoe  form,  the  coils  b( 
wound  in  lour  sections  on  the  horizontal  portions  of  the  0 
although  in  a  few  instances  tivo  coils  are  employed,  wound  a 
verticil  limbs,  a5  in  the  case  of  the  Manchester  dynama 


Distortion  of  Field 

Sstortion  of  t!ie  field  observed  when  a  machine  is  use 

IBlor  also  occurs  when  it  is  employed  as  a  motor,  because, 

[brushes  are  at  zero,  the  lines  of  force  of  the  armature 

t  right  angles  to  those  of  the  li  eld -magnets.     Sut  the 

f  the  current,  and  therefore  of  the  lines  of  force,  being 

1  the  ease  of  a  motor  armature,  the  direction  of  the 

VSeld  is  also  different.     The  amount  of  the  distortion 

bbviously,  upon  the  relative  strengths  of  the  two  Relds. 

■slight  when  the  field-magnets  overpower  the  armature, 

■cases  the  direction  of  the  resultant  field  is  such  that  the 

pitist  be  shifted  backward  to  place  them  on  a  diameter 

tgles  to  the  lines  of  force,  and  so  to  avoid  sparking. 

Sstortion  of  the  field  of  a  motor  is  illustrated  in  fig-  220, 

Jtild  be  compared  with  tlie  corresponding  figure  (156)  for 
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at  intervals,  and  liaving  projections  above  the  surface  of  the  mt 
of  the  core,  which  act  as  driving  horns, 

'I'he  machines  are  usually  series-wound,  and  are  made  in  t 
variety  of  si^es  (or  different  purposes.  One,  designed  for  dririt^ 
a  tram-car,  weighs  5^  cwt.,  and  is  intended  to  run  at  r.ooo  tevolu- 
lions  with  a  current  of  40  amperes  at  60  volts.  The  geannj 
consists  of  two  steel  chains  with  a  counter-shaft,  the  reduction  o( 
speed  being  10  to  i ;  the  velocity  of  the  chain  on  the  a 
shaft  is,  at  times,  as  high  as  1,000  feet  per  minute,  the  h 
speed  of  the  motor  allowing  a  considerable  reduction  in  the  wd| 
of  the  machine.  The  current  is  supplied  by  eighty  secondaryfi 
carried  on  the  car,  a  switch  being  provided  for  connecting  ti 
all  in  series,  or  forty  in  series  and  two  in  parallel,  so  as  to  \at]rl 
power  given  to  the  machine.  The  same  switch  can  also  be  n 
to  throw  resistance  in  circuit,  when  the  motor  is  being  startn^ 
prevent  the  passage  of  a  too  heavy  current.  The  direction 
rotation  is  reversed  by  reversing  the  current  through  the  atmaiu 
two  sets  of  brushes  being  provided,  operated  by  a  suitable  le 
one  set  adjusted  with  a  slight  negative  lead  in  one  directign,  t 
the  other  set  with  a  corresponding  lead  in  the  reverse  direaioa 

One  of  the  earliest  and  most  successful  applications  of  t 
electric  motor  was  made  by  Mr.  M.  Holroyd  SrailK  o"  tl 
Blackpool  Electric  Tramway.  This  venture  was  made  in  t! 
experimental  days  of  electric  traction,  and  great  difficulties  hi' 
been  contended  with  and  overcome.  The  working  has  beeni 
successful  under  somewhat  trying  local  conditions  as  to  prove  it 
the  system  is  sound,  and  we  shall  accordingly  briefly  describe  ill 
main  features.  The  line  is  two  miles  in  length,  and  consists  chid 
of  a  single  track  with  a  number  of  pass-byes.  It  runsalongtl 
sea-coast  in  such  an  exposed  position  that  the  ro«d  is  occasion 
flooded  during  the  winter  months,  and  at  all  times  the  sain 
deposit,  which  is  always  prevalent  near  the  coast,  considen  ' 
enhances  the  difficulty  in  insulating  the  conductors. 

The  conductors  are  laid  underground  in  a  channel  tnidi^ 
between  the  two  rails  on  which  the  car  wheels  run,  the  curwotj 
being  taken  from  them  to  the  motor,  by  means  of  a  coII«i*M 
trailing  through  a  narrow  opening  in  the  top  of  the  channel. 

In  fig.  225  a  transverse  section  of  this  chaiinel  is  shown, tbt  I 
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hole  is  also  bored  in  the  w 
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connected  at  every  hundred 
sheathed  copper  wire,  place 
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iiiection  with  motors,  motor  regulation  and  gearing.  He 
fera,  in  most  cases,  to  work  with  series  motors  supplied  at  an 
intimately  constant  potential,  and  those  employed  on  the 
tkpool  line  have  proved  very  successful.  Good  wrought-iron 
Inployed,  but  no  practical  advantages  have  been  sacrificed  for 
sake  of  obtaining  an  extremely  light  and  electrically  efficient 
'or.  The  field-magnels  develop  a  very  powerful  field,  and  the 
re  between  the  iron  of  the  armature  core  and  the  pole-faces  is 


■J  small,  the  armature  conductor  consisting  of  one  layer  of  silk- 
nered  wire  ;  consequently  a  comparatively  weak  armature  field 
1  be  employed,  and  the  distortion  is  practically  nothing.  In 
,  the  brushes  can  be  allowed  to  make  contact  at  the  same  place 
either  direction  of  rotation,  without  any  appreciable  sparking. 
I  admits  of  the  employment  of  an  extremely  simple  and  effec- 
B  of  brush,  which  was  invented  by  Mr.  Smith  for  the  pur- 
W  enabling  the  armature  to  be  run  in  either  direction  withoul 
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^V    any  alteraiion  of  ihe  brushes,  and  to  avoid  the  jolting  of  the  a 

^V     breaking  contact. 

^P  Two  views  of  these  brushes  are  given  in  fig.  227.    d  d  are  fl 

spindles  passing  through  the  holders  to  which  electrical  connect! 
is  made,  s  s  being  a  thin  flat  steel  spring,  divided  into  four  stt^ 
The  extremities  of  the  springs  are  connected  and  drawi 

I  by  india-rubber  bands  b,  and  a  small  block  of  a  sijecial  meta^ 
is  fixed  to  the  middle  of  each  strip,  forming  the  contact  with  t 
commutator.  This  type  of  brush  is,  perhaps,  the  simplest  a 
most  effective  that  can  be  devised  for  the  purpose  ;  the  weai  tab 
place  at  the  hard  metal  contact -pieces,  which  are  so  fised  thai  di 
can  easily  be  taken  out  and  replaced. 
Fig.  226  illustrates  the  system  as  applied  to  a  line  in  France, « 
an  important  feature  is  the  worm-gearing.    An  endless  screw  gei 


with  a  wheel  keyed  on  the  axle,  and  the  screw  is  connected  to  ibe 
armature  spindle  by  a  flexible  joint,  a  certain  amount  of  pUj 
longitudinally  being  also  provided  for.  The  screw  and  wheel  are 
effectively  protected  by  a  casing,  part  of  which  is,  in  the  figure 
removed  to  show  the  interior.  This  gearing  is  now  usually  em- 
ployed by  Mr.  Smith,  but  that  devised  by  him  for  the  Blackpool 
line  is  remarkably  good,  and  is  still  in  use  there. 

The  latter  arrangement  is  clearly  shown  by  the  diagram  in 
fig.  228,  for  permission  to  reproduce  which  we  are  indebted  to  the 
Council  of  the  Institution  of  Mechanical  Engineers. 

A  side  view  of  the  motor  is  shown,  and  m  is  a  pinion  ai  the 
end  of  the  armiture  shaft,  gearing  into  an  internal  toothed  whtc^J 
w,  that  is,  a  wheel  having  teeth  on  its  inner  periphery. 
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Mtch-circles  of  si  and  w  are  indicated  by  the  doited  circles.  On 
be  outside  of  w,  that  is,  on  the  side  remote  from  the  motor,  is 
liied  a  chain  pinion,  p,  gearing  by  a  chain  with  a  chain-wheel,  c, 
rhich  is  carried  on  the  car-axle. 

The  chief  objection  to  the  use  of  chain  gearing  is  that  the 
:haiti  always  gels  slack  after  a  time,  but  a  very  simple  and  effec- 
ive  arrangement  is  introduced  to  take  up  the  slack  and  so  over- 
»me  this  objection.  The  wheel  w  is  carried  by  an  adjustable 
tracket  or  arm,  a,  which  is  centred  on  the  motor- shaft,  that  is  to 
ay,  the  arm  is  capable  of  being  rotated  about  a  centre  which 
exactly  coincides  with  the  centre  of  the  shaft.  Consequently,  the 
tinion  M  and  the  wheel  w  remain  in  gear  for  every  position  of  the 
inn,  because  the  distance  between  their  centres  remains  unaltered. 
rhe  arm  is  locked  in  position  by  bolts  passing  tiuough  slots,  and 
E  is  an  easy  matter  to  loosen  these,  rotate  the  arm  through  a 
mall  angle,  and  fi.\  it  in  the  new  position  if  the  chain  becomes 
lack.  The  placing  of  a  new  chain  in  position  also  becomes  a 
'ery  easy  matter. 

A  special  device  is  also  introduced  to  avoid  a  jerk  at  starting, 
rhich,  as  has  been  remarked,  throws  a  severe  strain  on  the  gearing. 
The  connection  between  the  chain-wheel  and  the  axle  is  not  rigid, 
lut  is  made  through  several  stout  spiral  springs  which  yield  and 
ake  the  jolt  off  the  chain  when  great  pressure  is  suddenly  applied. 
the  chain-wheel  c  c  consists  of  a  loose  annular  rim,  having  four 
inwaidly  projecting  pieces  placed  midway  between  the  arms 
ixdiating  from  the  hub  which  is  keyed  on  to  the  axle.  The 
Ends  of  tlie  arms  are  connected  to  the  wheel  C  by  spiral  springs 
3S,  as  shown  in  the  ligure,  and  these  springs  extending  allow  the 
pressure  to  be  applied  more  gradually. 

The  motors  are  series-wound,  and  supplied  at  an  approximately 
t  potential,  and  the  speed  is  regulated  by  the  alteration  of 
e  joined  in  series  with  the  motor  ;  for,  supposing  the  load 
to  be  constant,  any  increase  of  resistance  reduces  the  current 
flowing  through  the  armature  and  field-magnet  coils,  and  so 
reduces  the  speed  of  roLition  ;  while  a  reduction  of  resistance 
allows  the  current  to  increase,  and  therefore  also  the  speed.  The 
satue  resistances  can  also  be  used  to  regulate  the  strength  of  the 
current  required  in  starting.    The  aim  has   been  to  make  the 


I 
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arrangement  thorouglily  practical  and  workable  without  risk  d 
error  or  damage  by  an  inexperienced  driver,  and  also  to  allow  th 
variation  of  resistance  to  be  made  gradually,  without  employ 
large  number  of  coils.  It  is  also  necessary  to  provide  a  l 
surface  for  radiation  in  the  case  of  tlie  lowest  resistances,  b 
tliey  have  to  carry  a  heavy  current,  and  the  heat  genen 
considerable.  All  these  points  are  effectually  provided  fotvitbl 
introducing  any  complication  whatever.  The  switch  is  i 
form  of  a  wooden  cylinder  with  brass  strips  of  various  lengths 
its  circumference,  which  make  reliable  rubbing  contact  with  d 
flat  springs,  when  the  cylinder  is  rotated  by  an  ordinary  It 
Only  four  coils  of  about  i  ohm  resistance  each  are  emploj" 
and  by  moving  the  switch  lever  the  following  nine  changes  a 
made  in  the  motor  circuit,  either  rapidly,  or  slowly,  step  by  sltfik^ 
as  desired.    The  coils  are  denoted  by  a,  b,  c,  d. 

1.  Circuit  disconnected. 

2.  A,  B,  c,  D  in  series. 

3.  A,  B,  c  „ 


A,  B         in  parallel. 

A,  B,  C  „ 

A,  B,  C  D  „ 

Resistance  coils  short-circuited. 

It  will  thus  be  seen  that  not  only  are  the  lower  n 
obtained  without  employing  extra  coils,  but  when  the  heavidi 
current  is  passing  the  heat  generated  is  being  spent  upon  tl 
whole  of  the  mass  of  the  metal  employed. 

It  is  ver)'  significant  that  probably  the  best  practical  work  in " 
connection  with  electrical  traction  should  have  been  accomplnhed 
by  a  man  who  is  primarily  a  mechanical  engineer.     His  succes  u 
chiefly  due  to  the  practical  nature  of  his  work,  everything  bcii^ 
designed  to  suit  the  conditions  under  which  it  is  intended  10 
employed,  and  the  capacity  of  the  people  who  are  to  make  us( 
it.     He  has  also  devised  an   '  overhead '  system,  in  which  ll 
current  is  led  to  the  motor  by  a  flexible  conductor,  atuched  to  1' 
tllector  which  slides  over  two  parallel  overhead  conduaors.  f 
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■  are  placed  cast-iron  yokes  or  chairs,  to  ilie  lops  of  which  the  two 
'  lailBare  bolted,  the  walls  of  the  conduit  between  these  yokes  being 

formed    of    Portland  comrete   cement       An   earthenware   tube, 

■  3  in    \n  diameter,  is  embedded  m  the  concrete,  as  shown  at  a, 
I'  uid  in  this  are  placed  cables  forming  the  mam  conductors,  the 


cables  employed  being  insulated  with  ozolterised  rubber,  and 
having  an  insulation  resistance  of  7,500  megohms  per  mile.  One 
cable,  marked  '  line  '  in  fig.  ajo,  is  unbroken  for  the  whole  length 
of  the  road,  while  the  other  is  divided  into  lengths  of  about  21  fl. 
The  rails  also  are  21  ft.  in  length,  and  on  both  sides  of  the  joint 


are  placed  yokes,  i  fl.  5  in,  apart,  a  chamber  being  formed  in 
Ihe  space  between  them.  In  each  of  these  conduit  chambers  is 
placed  an  arrangement  known  as  the  'spring- jack*  (illustrated  in 
fig.  131),  consisting  of  a  pair  of  glazed  earthenware  blocks,  sup- 
ported by  brackets,  cast  on  to  the  joint  yokes,  the  blocks  facing 


each  other  on  opposite  sides  of  the  lube  To  each  block  a 
attached,  by  means  of  a  double  spiral  spring,  a  gun-nwul  ca^ng 
cun«d  at  the  ends,  but  flat  in  the  centre,  the  spring  being  d 
suFBcient  strength  to  press  the  two  castings  together  with  a  (orcc 
of  6  lb.  Two  terminals  are  fixed  on  the  outside  of  the  left-bnj 
block,  each  being  electrically  connected  to  one  of  the  gaa-auai 
strips  as  shown.  The  ends  of  that  cable  which  is  divided  into 
31  ft  lengths  are  connected  to  these  terminals,  so  that  chrougb 
out  the  whole  of  the  line  the  gun-metal  strips  are  in  seties  wA,. 
and  form  part  o^  the  circuit  of  the  divided  cable  (see  lig. 
The  current  passes  from  one  strip  to  the  other,  then  by  1 1< 


of  cable  to  the  next  spring-jack,  and  so  on  ;  it  is  led  to  the  rootor 
by  forcing  two  conductors  between  the  strips,  these  conducKn 
being  insulated  from  each  other  and  joined  each  to  one  of  ' 
motor  terminals. 

This  collector,  or  'arrow,'  as  it  is  termed,  is  suspeac 
under  the  car,  and  extends  for  its  full  length.  It  consists  t 
thicknesses  of  india-rubber  belting,  each  having  a  broad 
strip  riveted  to  it  for  nearly  its  entire  length,  and  the  nose 
each  end  is  shod  with  wrought-iron  brought  to  a  knife-edge, »! 
to  easily  force  its  way  in  between  the  two  faces  of  the  s{ 
The  maximum  thickness  of  the  arrow  is  i  in.,  which 
quently  the  extent  to  which  the  gun-metal  cheeks  are  sepanted 
The  conductor  on  each  side  of  the  arrow  is  lapped  round  one  ffl4 
and  an  insulated  space  is  left,  slightly  greater  than  the  sur&oeJ 
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Rcl  of  ihe  spring-jack,  near  [he  extreme  ends  on  opposite 
as  will  be  seen  by  the  dingram  in  fig,  230,  where  a  is  the 
,  and  ^  i  the  insulated  spaces.  In  the  position  there  indi- 
,  the  current  passes  from  one  contact  strip  of  the  spring-jack 
B-,  inrougli  the  motor,  to  the  opposite  strip  of  the  next  spring-jack 
B,  the  strips  b'  b',  together  with  the  connecting  length  of  cable 
between  them,  being  cut  out  of  circuit. 

A  moment  later  the  collector  will  have  left  the  spring-jack 
a'  B*,  and  the  contact  strips  will  fly  together  and  complete  the 
circuit,  while  the  current  will  pass  from  the  other  strip  b'  through 
the  motor  to  b,  so  that  the  current  is  never  cut  off,  nor  is  the  motor 
short-circuited. 

The  contact  surfaces  of  the  spring-jacks  are  placed  in  the 
middle  of  the  conduit,  and  the  collector  arm  is  bent  round,  so 
that  the  collector  also  travels  along  the  middle  of  the  conduit; 
consequently  the  contact  surfaces,  not  being  directly  under  the 
slot,  are  fairly  well  protected  from  dirt  or  water  entering  from  the 
roadway.  Suitable  outlets  are  provided  for  the  escape  of  water 
and  for  the  removal  of  any  sand,  stones,  &c.,  which  may  accumu- 
late, this  latter  operation  being  made  easier  by  the  fact  that  the 
conduit  is  empty  except  at  the  spring-jack  chambers.  The  con- 
stant rubbing  of  the  surfaces  of  the  opposing  gun-metal  strips 
keeps  them  bright  and  ensures  good  contact  when  they  are  pressed 
together  by  the  springs. 

The  motors  are  supported  at  one  end  by  two  beatings  on  the 

a*le,  and  suspended  at  the  other  end  by  a  spiral  spring  attached 

V|ito  a  stout  beam  across  the  frame  of  the  car.    The  speed  of  the 

tors  is  unusually  low,  viz.  400  revolutions  per  minute,  the  object 

g  to  avoid  the  use  of  a  countershaft. 

Worm-gearing  is  employed,  reducing  the  speed  in  the  propor- 
I  of  9  to  2  ;  a  double  helical  pinion  on  the  armature  shaft 
s  with  a  worm-wheel  keyed  on  the  axle,  so  that  this  wheel 
one  tooth  for  every  two  complete  revolutions  of  the 
aature. 

The  machines  are  series  wound,  and  the  regulation  is  controlled 
9  two  massive  switches  placed  on  the  driving  platform.     In  order 
inverse  tbe  direction  of  rotation,  the  connections  of  the  field- 
it  are  reversed  by  means  of  one  switch;  while  the  other  varies 
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tlie  value  of  a  set  of  resistance  coils,  wbich  are  joined  up  as 
field-magnet  coils,  and  afford  a  means  of  weakcni 
or  strengthening  the  field  according  to  the  power  and  spt 
required. 

The  current  through  the  armature  being  kept  constant,  I 
maximum  power  is  obtained  when  the  field-niagnetsareunshunt 
and  take  the  whole  of  the  current,  and  this  arrangement  irai 
he  adopted  for  mounting  an  incline,  while,  if  less  power  ii  i/sn 
the  field  can  be  weakened  by  shunting  the  field -magneU.  T 
shunts  ore  arranged  to  provide  for  three  speeds,  and,  io  onlet 
stop  the  car,  the  field-magnet  is  short-circuited,  the  cutirat  fl 
passing  through  the  armature. 

In  starting  a  motor  worked  on  the  parallel  system,  (hot 
sometimes  a  risk  of  the  armature  being  damaged  by  the  puo] 
heavy  current ;  for  there  is  a  constant  potential  diScfOl 
maintained  at  the  terminals  sufficient  to  determine  a 

;,  should  the  armature  fail  to  quickly  gel  up  speed* 
dei'elop  an  opposing  electro -motive  force.  No  such  danger  en 
in  the  series  system,  the  current  strength  being  constant  under 
conditions. 

In  the  case  imder  notice  a  Statter  constant -current  dynamo 
employed  for  the  purjiose  of  generating  the  current  The  1 
by  which  the  regulation  of  this  machine  is  effected  has. 
been  fully  described. 

The  pressure  at  the  terminals  varies  from  a  small  value  19 
nearly  500  volts,  according  to  the  demand  made  by  the 
and   a  considerable  difference  is  made  in  the  power  ei 
by  reversing  the  field-magnet  connections  on  the  car,  wbe 
is  running  downhill  and  when  no  power  is  required.    The  d 
of  this  is  to  turn  the  machine  into  a  generator  for  the  time  be 
its  E.M.F.  assisting  that  of  the  main  generator  and  reducing 
demand  made  upon  the  latter;  so  that  a  largeamountof  ibeeW 
stored  in  the  car  during  its  journey  up-hill  may  be  USefilDj  1 
ployed,  instead  of  all  being  wasted  as  heat  at  the  brakes ; 
when  a  large  number  of  cars  is  employed  on  an  undulating  1 
this  becomes  an  important   advantage.     It  should  be  ol 
that  although  a  motor  supplied  at  constant  potential,  in  | 
circuit  with  others,  may  dam  back  the  current  when  the 
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I  in  running  down-hill,  and  so  absorb  less  power,  yet  it  cannot 
lily  assist  the  source  of  supply  in  feeding  the  circuit,  until  the 
3  becomes  sufficient  for  the  machine  to  develop  an  e.m.f. 
MT  than  that  maintained  by  the  generator, 
lD  important  operation  in  connection  with  a  dynamo- machine 
i  determination  of  its  commercial  efficiency;  that  is,  in  the  case 
generator,  the  ratio  of  the  electrical  power  appearing  in  the 
nal  circuit  and  available  for  useful  work,  to  the  total  mecha- 
power  spent  in  driving  the  machine  ;  and,  in  the  case  of  a 
r,  the  ratio  of  the  useful  mechanical  power  obtained  on  the 
ture  shaft  to  the  total  electrical  power  absorbed.  The  accurate 
urement  of  the  mechanical  power  in  either  case  presents 

difficulty.  The  usual  method  is  to  employ  a  transmission 
mometer,  or  a  friction  brake,  to  determine  the  horse-power 
ided  or  obtained,  as  the  case  may  be,  but  it  is  not  possible 
either  class  of  apparatus  to  be  certain  of  obtaining  any  but 
pproximately  correct  result.     The  electrical  power,  on  the 

hand,  can  be  measured  with  extreme  accuracy,  it  being 
ly  necessary  to  find  the  current  strength  in,  and  the  potential 
ence  at  the  extremities  of,  the  external  circuit  of  a  generator  j 
.he  current  passing  through  a  motor,  together  with  the  e.m.f. 

terminals ;  the  product  of  the  two  quantities  in  either  case, 

the  power  in  watts. 

r  it  were  possible  to  arrange  matters  so  tliat  it  would  become 
itial  to  measure,  by  a  mechanical  process,  only  a  small  fraction 
e  total  mechanical  power  given  to  a  generator,  say  one-tenth 
□ther  nine-tenths  being  measured  electrically),  then  a  much 

accurate  result  might  be  obtained ;  for  any  error  made  in 
uring  this  fraction,  when  distributed  over  the  whole  amount, 
d  have  but  one-tenth  the  value  of  that  which  would  other- 
accrue.  And,  further,  it  is  far  easier  to  accurately  determine 
alue  of  a  small,  than  of  a  fairly  large  amount  of  mechanical 
■r. 

iB  important  departure,  rendering  such  a  method  possible, 
inade  some  time  since  by  Dr.  Hopkinson.  He  takes  two 
iximately  equal  machines,  and,  driving  one  as  a  generator, 

wires  from  it  to  the  other,  so  connected  that  the  current 
oped  by  the  first  machine  drives  the  second  as  a  motor 


J 
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Now.  the  power  appearing  on  ihe  motor  shaft  is  less  thaaj 
spent  on  the  generator,  by  an  amount  eqiul  to  the  power  aliri 
by  friction,  by  the  heating  of  the  various  conductots,  ai 
cores,  &c,  in  the  two  machines. 

But  the  powerwhich  does  appear  on  the  motor-shaft  mightc 
be  employed  to  assist  in  driving  the  generator ;  and  this 
by  the  simple  process  of  rigidly  coupling  the  shafts  of  the, 
machines  tc^eiher ;  so  that,  then,  the  only  mechanical  p 
required  to  be  supplied  and  measured,  is  an  amount  equal  to 
just  referred  to  as  being  wasted  in  the  various  parts  dunn( 
double  conversion. 

This  fraction,  thus  supplied,  is  conveniently  measured  I 
dynamometer  of  the  Hefner- Alteneck  type,  which  i 
directly  in  pounds  the  difference  between  the  pull  on  ; 
and  slack  sides  of  the  belt,  that  is,  the  actual  pull  causing 
rotation  of  the  pulley.  This  number,  multiplied  by  the  numh 
feet  travelled  by  the  bell  per  minute,  gives  the  number  of  ( 
pounds  of  work  performed  in  one  minute,  which,  divided  by  jjl 
gives  us  the  horse-power  supplied  by  the  belt ;  s 
power  is  a  rate  of  working  equal  to  33,000  foot-pounds  permii 
With  the  particular  dynamoiueler  employed  in  one  test  nadi 
Dr.  Hopkinson,  the  pointer  mo^'ed  over  one  division  of  the  I 
for  a  pull  of  2-705  lb.  on  the  tight  side  of  the  bell  ii 
that  on  the  slack  side,  and  the  radius  of  Ihe  pulley  wa 
one  revolution  corresponded  to  an  advance  of  the  belt  thni 
3-63  feet;  in  this  case,  then,  the  work  done  per  rei'olutioBi 
2705  X  3-63  foot-pounds,  for  one  scale-division. 

From  this  it  will  be  seen  that  if  t  represents  the  n 
scale  divisions    traversed   by  the  pointer,  and  n  the  numba 
revolutions   per  minute,  then  the  power  applied  =  -^-^ 

X  «  XT  =  0-000298  ;<  «  X  T  horse-power. 

A  number  of  experiments  were  made  with  the  maebinciilil 
case  under  notice,  and,  as  they  are  interesting,  the  full  iwlf 
one  test,  as  furnished  by  the  experimenter,  are  appended 
The  electrical  connections  were  made  as  in  fig.  »]», ' 
and  F^  represent  the  armature  and  field-magnet  of  the 
and  M  and  F  m  those  of  the  motor.     The  heavy  lines  in 


tniiin  connections  between  the  two  machines,  and,  in  order  to 
measure  the  current,  a  small  accurately  known  resistance,  R,  is 
placed  in  the  main  circuit ;  to  the  extremities  of  r,  are  connected 
wires  leading  from  a  poientiomeler,  by  means  of  which,  with  a 
Clark  standard  cell,  the  potential  difference  between  the  ends  of 
the  resistance  can  be  accurately  measured. 

This  potential  difference,  divided  by  the  resistance  (which  was 
in  this  case  o'oosS  ohm),  would  give  the  current  flowing  through 


the  mam  wire.  The  potemial  difference  between  the  terminals 
of  the  generator  was  measured  by  a  Thomson  graded  voltmeter, 
previously  standardised  by  a  Clark  eel). 

Now,  the  two  machines  were  exactly  alike,  and,  consequently, 
if  joined  in  opposition  (as  two  shunt  machines  must  be,  when  one 
is  required  to  drive  the  other),  and  then  driven  at  equal  speeds, 
no  current  would  flow  from  one  armature  to  the  other,  for  they 
would  generate  equal  E.M.F.'s,  or,  in  other  words,  the  counter- 
elearo-motive  force  of  the  motor  would  be  equal  to  the  electro- 
motive  force  of  the  generator.  For  this  reason,  it  is  necessary  to 
weaken  the  strength  of  the  motor  field,  and  this  was  effected  by 
placing  a  set  of  variable  resistances,  p,  in  series  with  the  motor 
field-magnet  coils;  and,  by  altering  this  resistance,  the  current 


'passing  ihrough  the  motor  annature  could  be  vaned  at  pleasure. 
The  motor  field-magnet  coils,  togetlier  with  p,  fonn  a  shunt  tothe 
genernlor  terminals  ;  the  motor  armature  thus  receiring  the  whole 
of  the  current  passing  through  r.  And,  since  the  resistances  sr 
the  two  (ield-magnet  circuits  are  known,  the  current  in  each  cm 
readily  be  calculated  after  the  potential  diflerence  at  the  genentor 
terminals  has  been  measured. 

The  resistances  of  the  armatures  and  field  -magnei  coils  ol  ibf 
two  machines  were  : — 


I 


Generator    . 
Motor  . 


Armature   . 
Field-magnets 
Armature    , 
Field -magnets 


o '00994  7  o 
16-93 

0-009947 
16-44 


The  two  dynat 
file  fields  unexciled. 


with  brushes  removed  and  tilll 


dynamos 


Scale  reading        =21-6  divisions. 
Revs,  per  minute  =  808. 
Horse-power         =  y2. 

2.  The  two  fields  were  separately  excited,  and  the 

driven,  still  with  the  brushes  off,  when 

Scale  reading       .        .        .        .  ^  30  divisions. 
Revolutions         .        .        .        .  =  802. 
Shunt  current  in  field  of  generator  ^  6-9  amperes. 

„  „  „      motor     .  ^  6-7        „ 

Horsepower         .         .         .         .  =  7-i6r. 

3.  The  connections  were  made  as  in  fig.  332,  and  the  folbning 
results  were  obtiined  : — 


E.M.F.  at  terminals  of  generator 

Main  current 

It  through  generator 
'urrent  through  motor  magnets 
■,  at  terminals  of  motor  , 
Speed  of  machines 
I'ower  transmitted  by  belt 


=  110-12  volts. 

=1       358  amperes, 
=      6-50         „ 
=      536        >■ 

=  107-33  volts. 

=       764  revs,  per  minute 

=     66o2  watts  =  3-850  k-p. 


— 6-cts  .  _  ^^'^P^cent 

annature        "        *  -        .'_     ''^^       „ 

■"'^  <■""..  „„„,_;  ■  •    =3''*  " 

"      armature  '^  473      ^        __  " 

""agnets  .        ."^  ^^■■'7  per  cent 

">»r*cno»,™l^fc  "5  per 


npualld,  tliK  ■  ID  « 
Ipaiallcl  so  thu  die  tm 
i  enema]  c 
Hachines  shall  give  die  mbc  nc  ^  i. 

o-phasally,  Out  is  lo  m^  tfae  maa^^- 

e  two  machinn  most  ujiuLiJe  ia  pc:  - 
suliant  E.M.F.  is  die  ssme  as  Aat  of  or  _ 
lIso  the  power  developed,  «il  be  doobl^i 
Tact  is,  that  the  two  ngphin^  biS  nak^  .  - 
lase,  atid  will  do  so,  ei-eo  if  the  ■n-.-twi-- 
is  incieased  or  diminished  widun  a  rt- 
^™»CMreinely  impoitaot  nuunal  actior.  :«ir 

1  the  aimatnre  and  i^c^-nugoc^  ot  a 
o  tend  to  stop  the  rotation,  and 
fe  as  the  current  in  the  atmature 
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Now,  these  effects  can  be  obuined  with  an  iliemau 
dynamo.  That  ts  to  &ay,  ir  the  brief  currents  generated 
increased  in  strength,  the  tendency  will  be  for  the  machint 
down,  while  if  an  opposing  alternating  e.  it.  r.  acts  in  such  a 
as  to  reduce  these  currents,  the  machine  will  quicken 
and  it  will  run  as  a  motor,  doing  work  for  the  moment  oi 
mover,  if  the  opposing  E.M.F.  is  sufBcient  to  determine  i 
in  the  reverse  direction. 

Now  when  two  alternators  are  driven  independei 
coupled  in  parallel,  and  one  begins  to  lag  behind  the  o 
maximum  e.m.f.  of  the  leading  machine  occurs  a  momei 
llian  that  of  the  other,  and  consequendy  a  heavy  cunc 
from  the  leading  to  the  lagging  machine  for  a  very  brief  in 
time  This  current  being  opposite  in  direction  to  that 
then  being  generated  by  the  lagging  machine,  tends  to  d 
a  motor  and  to  accelerate  its  speed  ;  or  if  the  difference  t 
is  not  sufficient  to  set  up  a  reverse  current,  it  weakens  the 
one  with  the  effect  of  allowing  the  lagging  machine  to  c 
as  already  explained.  On  the  other  hand,  the  later 
t-M.F.  of  the  lagging  machine  will  tend  to  increase  the  cu 
the  leading  one  and  so  pull  it  up.  These  reactions  wi 
mence  immediately  the  alternators  tend  to  get  out  of  pha^ 
well-designed  machines  the  effect  is  so  prompt  and  forcil 
ihey  nm  together  perfectly  in  spite  of  inequalities  in  the  i 
It  becomes  very  important,  therefore,  to  decide  what  q 
and  peculiarities  a  machine  should  possess  to  fit  it  for  ; 
working.  Until  recently  it  had  been  supposed  that  it  wa 
luiely  necessary  for  such  a  machine  to  have  considerab 
induction,  but  even  then  the  performance  was  admitted 
somewhat  difficult  and  uncertain.  Consequently,  ao  ai 
without  an  iron  core,  and  with  few  convolutions,  was  deems 
undesirable  ;  but  these  views  have  been  somewhat  shake 
to  a  great  extent,  entirely  reversed,  by  the  recent  researches 
Mordey.  That  gentleman  starts  wilh  the  assumption  that  m 
maintenance  of  synchronism  depends  upon  the  motor  piope 
the  two  alternators,  the  machine  best  fined  for  parallel  « 
must  be  one  which  possesses  these  properties  to  a  high  dqf 

Consequently,  the  armature  should  have  little 


■  xii.  Alternators  in  Parallel  441 

kittle  self-induction,  and  then  the  transfer  of  power  by  means 
:  "^f  CU1  rents  from  one  machine  10  the  other,  which  serves  to 
■I  or  retard  as  required,  takes  place  much  more  suddenly,  and 
rvguialing  action  is  much    more    prompt  and   forcible.     Of 
*i5e,  the  armature  will  have  some  self-induction  and  some  re- 
t«nce,  but  it  is  satisfactory  to  know  that  neither  of  these  unde- 
rlie factors  need  be  made  abnormally  high,   merely  for  the 
te  of  rendering  parallel  working  practicable.     It  is  probable, 
■^cver,  that  there  is  a  limit  depending  upon  other  conditions, 
ich  as  the  rate  of  alternation,)  l>elow  which  it  is  inadvisable  to 
luce  the  self-induction,  and  that  some  definite  relationship 
Iween  self-induction  and  resistance  should  exist  for  any  given 
le  J  but,  on  the  other  hand,  it  is  possible  that  this  limit  is  very 
w,  and  that  the  working  rule  will  be  to  make  the  two  factors 
ncerned  as  low  as  is  practicable. 
In  the  Mordey  alternator,  which  has  no  iron  in  the  armature, 
f-inductionhasalowvaloe,  so  low,  in  fact,  as  to  unfit  the  machine 
'  parallel  working  if  the  old  theory  were  correct.     In  order  to 
|>port  his  views  on  the  subject,  the  inventor  made  an  exhaustive 
nes  of  tests  with  two  of  these  machines,  each  being  similar  in 
pearance  to  that  depicted  in  fig.  140,  but  having  an  output  of 
horse-power,  with  a  maximum  e.M.f.  of  2,000  volts,  at  a  S|>eed 
130  revolutions  per  minute.     The  details  of  one  set  of  tests  are 
n  below.     It  should  be  noted  that  the  machines  were  driven 
'.o  independent  engines,  not  connected  in  any  way,  and  pro- 
J  with  heavy  fly-wheels  ;  each  erigine  also  drove  a  heavy  set 
■:ountershafts,  fitted  with  a  number  of  belts,  &c.,  so  that  the 
omentum  was  considerable. 
I.  The  alicmaiore  were  run  11 

■  eivi;  1,000  volts.    When  in  a 
■ '"'litany  external  li 

'  lion  coils  or  rcsixuu 
.i.,,ly. 

2.  A  considerable  ii 
und  uken  off.     They  « 

3.  They  were  unco]u 
»"  tl)e  mai 

■■■■  I'lralleland  0 
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4.  One  allemalor  was  excited  l'! 
giving  a,ooo  volts.  They  were  then  '- ' 
into  step  perfectly,  giving  a  terminal  • 
1,500  volts.  No  extra  self- induct  if" 
ihis  or  in  any  other  case.  A  load  "  ■ 
ing  their  behaviour. 

5.  With  one  machine  at  i.ooovot' 
they  were  switched  in  paraJIel  wht-T- 
went  into  step.  A  large  current  ;i| 
for  a  fraction  of  a  second,  but  not  ' 
it  to  be  measured  or  to  do  any  luiri  1 

6.  They  were  then  left  running  ■ 
connected  from  the  engine,  by  its  I- 
lo  a  loose  pulley.  It  continued  to  ■ 
A  load  of  lamps  was  at  the  same  tir 

7.  The  two  machines  were  then 
2,ooo  volts.  They  were  then  swilcht 
and  without  any  external  load,  and 

S.  Whilst  running  as  in  7,  sir 
shut  off  one  engine.  The  altem.T: 
acting  as  a  motor  and  driving  ihL' 
countershafting  and  bells.  It  «"  ■ 
the  top  of  the  belt  becoming  ti|-i 
machine  was  the  motor. 

To  find  the  power  exerted  b;, 
in  8,  a  direct  current  motor  was  , 
required  to  drive  the  engine  am 
horse -power. 

The  above  results  spealc  for 
planation  may  be  given  with  resp' 
in  excess,  of  goo  volts,  which  >' 
enormous  current  throtigli  the  '' 
lurea,  the  low  self-induction  noi 
though  it  is  only  applied  in  thi: 
"moment.      No  such  dangerous  c. 

t  evidently  be  some  other  can 

"  ■  interesting  point  has   bii 
juiain  Thomson,  who  points  ■ 


must  e 
_ifihcr  i 
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»ease  of  the  current  at  any  instant  through  the  two  armatures,  in 
e  direction  determined  by  the  excess  of  e-M.F,  of  the  more 
'Werful  machine,  is  to  tend  to  increase  the  strength  of  the  field 
ihe  weaker,  and  to  decrease  that  of  the  stronger  machine.  So 
lat  although  a  strong  current  would  be  started  round  the  two 
Tuatiircs,  its  effect  would  be  to  immediately  strengthen  the  field 
'.lie  i.Doo-volt  and  oppose  that  of  the  2000-volt  machine,  until 
I  ,M.F.  developed  by  each  would  have  nearly  the  same  value, 
1  volts.     This  brief  equalising  current  would  pass  twice 


Electrical  Engineering 


CHAPTER   XIII. 

TRAJtSFORMERS. 

Whkn  it  is  desired  to  convey  energy  to  a  distance  b^ 
electricity,  either  for  the  purpose  of  producing  light  or  tnec! 
motion,  the  chief  problem  to  be  laced  is,  how  to  reduce 
minimum  the  waste  of  energy  during  the  transmission.  We 
seen  that  when  a  wire  is  used  to  convey  a  current,  the  r 
which  energy  is  lost  in  that  wire  can  bo  measured  by  maldl 
together  the  current  strength  in  amperes  and  the  diffcK 
potential  between  the  ends  of  the  wire  in  volts,  the  result 
the  number  of  watts  so  expended.  And  since  the  electtM 
force  is  equal  to  the  product  of  the  resistance  of  the  w 
current  flowing,  the  loss  in  watts  may  also  be  calculated  < 
product  of  the  resistance  and  the  square  of  the  current  % 
That  is  to  say,  in  the  first  place  the  power  expended  in  ai 
of  a  circuit  is  pro[>ortional  to  the  resistance  of  that  part, 
pose,  for  example,  a  dynamo  were  employed  to  furnish  c 
a  number  of  lamps  arranged  in  parallel,  their  joint  i 
being  lo  ohms  ;  then  if  the  resistance  of  the  machine  a 
or  connecting  wires  were  also  loohms,  exactly  as  mm 
would  be  wasted,  as  would  be  usefully  expended  in  the  li 
state  of  affairs  which  manifestly  could  not  be  tolerated 
resistance  of  the  machine  and  leads  were  reduced  to  i  ol 
the  power  wasted  would  be  one-tenth  of  that  usefully  e 
and  so  on. 

The  resistance  of  the  combination  to  which  power  b 
supplied  is,  as  a  rule,  extremely  low;  and  when  the  Unipsori 
are  joined  in  parallel,  the  current  carried  by  the  mains  is  e 
the  sum  of  that  required  by  the  whole  of  them.    C<m3«(i« 
t  resistance  of  these  mains  must  be  kept  extremely  low,  a  si 
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«i>«n  of  an  ohm  in  fact,  oiherwise  the  proportion  which  the  pc 
-.sx^^tcd  bears  to  (he  total  quantity  of  power  developed  beco: 
>t«::^ssive-  To  keep  the  resistance  low  copper  of  high  conduct! 
K.  'm_a.sC  always  be  employed,  but  the  practical  limit  as  regards  ! 
«z:>  rk£iJ  area  is  quickly  reached  on  account  of  the  high  price  of  i 

Speaking  generally,  it  may  be  said  that  transmission  of  ent 
»      .^LXiy  distance  by  electricity  is  not  economical,  if  we  depend  u 
"Euacing  waste  merely  by  increasing  the  conductivity  of  the  le 
~ti  stating  the  case  as  ; 


Walts  lost  = 


I 


5-«-e  R  is  the  combined  resistance  of  the  leads  and  genera 
see  that  the  only  other  way  out  of  the  difficulty  is  to  red 


"Mi  this  can  be  done  the  advantage  is  very  decided,  for, 

'  ig  the  current,  the  power  wasted  in  any  portion  of  the  cin 

■duced  to  one-fourth,     It  may  not,  however,  be  evident  at  i 

ith  this  reduced  current  the  same  amount  of  ent 

be  transmitted  in  an  equal  time. 

Digressing  for  a  moment,  in  order  to  introduce  an  analogy, 

~  probably  be  aware  that  in  transmitting  power  mec 

lly  lo  a  distance  by  a  slowly  moving  cable,  it  is  impera' 

the  cable  and  the  rest  of  the  moving  parts  shall  be  very  stn 

massive,  and  consequently  the  power  lost  by  friction,  i. 

omes  enormous.     But  the  energy  transmitted  per  minut< 

.1  to  the  pull  on  the  cable  in  pounds,  multiphed  by  the  dista 

'«el  through  which  the  cable  moves  in  a  minute ;  so  that,  by 

iing  the  velocity  of  the  cable,  the  strength  and  size  of  it  i 

■*he  other  moving  parts  can  be  correspondingly  reduced  with 

-xicing  the  amount  of  energy  transmitted  per  minute.     It  is 

possible  to  transmit  enormous  power  by  means  of  a  light  v 

'■lile,  if  it  travels  with  sufficient  rapidity ;  and  the  loss  due 

:%Aaa  is  obviously  reduccu  with  the  reduction  in  size  and  wei 

^be  moving  parts.     Even  if  it  is  essential  for  the  power 

■uoiilted,  to  be  taken,  say,  from  a  slowly  rotating  wheel,  i 

economical  to  transmit  it  at  a  high  velocity,  and  effect 

reduction  in  speed  by  suitable  gearing. 
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Somewhat  similarly,  very  great  power  can  be  convc>td  di 
cally  by  a  comparatively  small  current  traversing  a  (bin  w 
only  the  electric  pressure  or  potential  difference  is  sufficienllylJ 
for  the  power  in  waits  may  be  calculated  as  the  produa  of  ■ 
two  factors,  and  no  difference  in  the  amount  is  made  by  rtdJ 
one  of  them,  if  the  other  is  increased  in  like  proponioi 

But  unfortunalely  it  rarely  happens  that  electriot!  pouM  J 
be  utilised  at  a  high  pressure  ;  for  instance,  no  volts  is  ti! 
the  maximum  pressure  required  by  a  set  of  incandesceai  I4 
joined  up  in  parallel,  and  consequently  it  becomes  nco 
employ,  if  possible,  some  arrangement  which  shall  peribmi  thea 
functi(m  as  does  mechanical  gearing  in  reducing  speed. 
to  say,  we  require  some  api>aratus  competent  to  receive  ekc 
power  in  the  form  of  a  small  current  at  a  high  poieniial  di 
and  again  give  out  that  power  in  the  form  o(  a  hea\7  cuncnt,ni 
at  a  correspondingly  lower  potential  difference. 

It  is  possible  to  construct  such  apparatus  ;  and  before  u 
ceeding  further  we  may  notice  the  tsvo  chief  points  Ii 
mind  in  designing  it : — 

I.  The  proportions  of  the  parts  must  be  so  calculated  d 
the  reduction  is  effected  in  the  desired  ratio ;  or,  the  salittB 
the  resulting  potential  difference  must  be  the  required  (radornfj 
that  applied  to  the  apparatus. 

1.  The  loss  in  power  during  the  conversion  must  be  ke[M| 
low  as  practicable  ;  that  is  to  say,  the  design  must  be  sudlOp 
the  efficiency  of  the  apparatus  is  high. 

The  conversion  from  a  high  to  a  lower  potential  is  n 
possible  by  the  fact  already  fully  explained,  that  bysianiiiil 
stopping  a  current  in  a  circuit,  a  brief  cufrent  can  be  induced  if 
neighbouring  wire.     The  circuit  in  which  the  original  cum 
started  or  stopped  is  called  the  '  primary '  circuit,  while  lim J 
which  the  currents  are  induced  is  called  the  '  secondary '1 

In   order  to  obtain   the  maximum  effect,  it 
arrange  that  the  secondary  circuit  is  cut  by  as  many  as  pi 
the  lines  of  force  generated  by  the  primary.    The  best  methodij 
to  wind  the  wire  in  two  coils,  and  placing  ihem  dose  10 
provide  plenty  of  iron  in  the  vicinity  in  older  to  make  the  prina 
lines  of  force  extend  out  beyond  the  secondary  cotL    TTuiJ 
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Kd  in  fact  form  a  closed  magnetic  circuit  of  low  resistance, 
ibracing  both  coils.  But  since  the  rapid  reversals  of  the  currtnt 
nerate  eddies,  the  iron  mgsl  be  carefully  laminated  ;  in  any  case, 
:ertain  amount  of  power  is  wasted  by  hysteresis. 

Suppose  the  number  of  convolutions  in  the  two  coils  to  be 
ual ;  then  by  sending  a  rapidly  alternating  current  through  the 
imary,  an  alternating  current  of  about  the  same  strength  might 

obtained  in  the  secondary.  Again,  the  secondary  might  con- 
t  of  a  great  length  of  wire  in  many  convolutions,  thin  wire 
ing   employed  to  enable   it  to   be   kept  near  to  the  primary. 

this  case  the  primary  lines  of  force  would  cut  the  secondary 
cuit  many  times,  and  the  induced  e.m.f.  would  be  much  greater 
in  that  urging  the  current  through  the  primary.  But  since  the 
wer  obtained  from  the  apparatus  cannot  be  greater  than  or  even 
jal  to  that  given  to  it,  3  corresponding  reduction  in  the  other 
tor  would  be  oliserved  ;  in  other  words,  while  the  e.m.f.  had 
;n  enormously  increased,  the  current  would  have  been  far 
bier  than  that  in  the  primary. 

The  student  is  probably  familiar  with  a  piece  of  apparatus 
Dwn  as  an  '  induction  coil,'  in  which  a  rapidly  interrupted  heavy 
Tent  of  low  E.M.F.  is  passed  through  a  few  turns  of  wire,  ad- 
ent  to  an  enormous  number  of  turns  of  finer  wire.  A  bundle 
thin  varnished  iron  wires  serves  as  a  core,  and  a  very  feeble 
Tent  of  extremely  high  e.m.f,  can  be  obtained  in  the  secondary 
;uiL  Such  apparatus  has  proved  of  extreme  value  in  experi- 
ntal  researches  ;  but  it  can  hardly  be  said  to  have  any  very 
at  importance  from  a  commercial  point  of  view. 

We  are  far  more  concerned  with  the  effects  obtained  by  pro- 
:ding  in  the  reverse  order,  viz.  by  making  the  length  of  liie 
mary  much  greater  than  that  of  the  secondary. 

Supposing,  for  instance,  we  use  the  line  wire  coil  of  an  ordi- 
ry  induction  coil  as  the  primary,  and  the  thick  wire  coil  as  the 
;ondary;  the  former  offers  considerable  resistance,  and  it  will 
|uire  a  high  e-m.f,  to  send  an  alternating  current  of  even  feeble 
ength  through  it.  But  on  measuring  the  resulting  current  in 
;  thick  wire  coil  (now  being  used  as  the  secondary),  it  will  be 
md  that  while  the  e.m.f.  is  low,  the  current  passing  through 
s  low  resistance  circuit  is  corn  para  lively  very  heavy.    It  is  a  mosl 
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^■important  bet  that  by  constructing  such  an  induction  coD  so  tki 

^Bnearly  all  the  primary  lines  of  force  can  cfTc-ctively  cut  the  serond- 

^Vaiy,  the  secondary  E.M.F.  can  be  nude  to  bear  nearly  ihe  siiik 

^*  ratio  to  the  primary  E.M.r.  that  the  number  of  convolutions  in  iIk 

one  coil  bears  to  the  number  in  the  other.     Therefore,  by  nukii^ 

the  resistance  of  the  magnetic  circuit,  and  the  electrical  resisUnu 

of  the  secondary  circuit,  both  very  low  indeed,  we  can  obuin  11 

the  terminals  of  the  latter,  an  alternating  potenrial  difference  wksf 

average  value  is  almost  equal  to  a  definite  fraction  of  the  avnap 

of  the  alternating  potential  difference    maintained  at  the  prinur; 

tenninals. 

For  instance,  if  the  primary  consists  of  1,000  turns  and  M 
secondary  of  10,  and  a  current  of  i  ampere  passes  through 
primary  coil  while  the  potential  difference  is  500  volis,  then 
secondary  current  may  be  100  amperes,  and  the  induced  e,U-K 
rather  less  than  5  volts.  This  is  the  important  case  widi  which 
have  to  deal,  for  it  thus  becomes  possible  to  effect  the  much-desirrf 
object  of  transmitting  electrical  power  at  a  high  electrical  pressu/^ 
and  employing  it  at  the  required  point  at  a  lower  pressure.  A 
piece  of  apparatus  which  is  capable  of  effecting  this  iransfonni- 
lion  from  high  to  low  E.M.F.,  is  called  a  'transformer.' 

The  first  transformer  was  constructed  in  1S31  by  the  immoitil 
Faraday.  The  principles  which  he  then  discovered,  of  the  re- 
markable action  of  a  varying  current  upon  an  adjacent  circuit, 
of  almost  inconceivable  importance  ;  while  the  method  of  con- 
structing his  original  transformer,  which  we  shall  briefly  descnb^ 
was  well  abreast  of  the  then  existing  practice. 

Faraday  procured  a  welded  ring  of  soft  round  bar  iron,  \  tin* 
thick,  the  external  diameter  of  the  ring  being  6  inches.  Round 
one  part  of  this  ring  he  wound  about  ja  feet  of  copper  wirii 
sV  inch  in  diameter,  in  three  superposed  helices,  tlie  distance  roimd 
the  ring  thus  covered  being  about  9  inches.  The  wire  was  hu^ 
the  first  heiix  being  insulated  from  the  iron  by  a  layer  of  calico,  <nd 
twine  was  wound  side  by  side  with  the  wire,  to  present  contact 
between  adjacent  convolutions.  Then  followed  another  layw  of 
calico,  over  which  was  wotind  the  second  helix,  insulated  with 
twine  similarly  to  the  first,  then  another  layer  of  calico  followed 
by  the  third  helix,  the  whole  being  covered  by  calico.    The  ends 
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\  helix  were  brought  out  so  thai  the  three  coils  could  be 

ieparately,  or  conjointly,  in  series  or  in  parallel. 

3n  the  other  half  of  the  ring  a  length  of  60  feet  of  copper 

s  wound  in  two  equal  helices  and  insulated  in  precisely 

e  manner  as  before.    These  two  coils  were  joined  in  series 

inected  to  a  galvanometer.    The  other  three  helices  wero 

I  joined  in  scries,  and  a  battery  connected  up  to  ihem.    The 

diate  effect  of  making  this  latter  connection  was  seen  in  a 

t  deflection  of  the  needle  of  the  galvanometer  placed  in  the 

mdary '  circuit.     The  needle  quickly  came  to  rest  at  zero, 

i  deRected  momenLirily  in  the  opposite  direction  on  the 

1  being  disconnected  from  the  primary  circuit. 

:  lines  of  force  of  the  current  in  the  primary  coil  were,  of 

,  conducted  by  the  iron  ring  round  through  the  secondary 

d  the  sudden  cutting  of  this  coil  by  tliera  gave  rise  to  the 

d  currents.    As  might  be  expected,  however,  a  great  many 

2  lines  of  force  did  not  reach  the  secondary  coil,  and  Faraday 

ined  a  more  violent  deflection  with  the  same  primary  current 

i  shorter  lengths  of  wire,  by  so  arranging  the  two  circuits  that 

all   the   lines   of  force  generated  were  able  to   cut  the 

indary  circuit.     He  disconnected  the  two  helices  which  in  the 

s  experiment  were  used  as  a  secondary  circuit,  and  in  their 

e  took  two  of  the  three  superposed  helices  on  the  other  half 

he  ring,  joining  them  in  series  and  to  the  galvanometer.    The 

ery  was  then  joined  to  the  third  helix,  which  formed  the 

lit,  and  although  the  lengths  of  wire  were  so  mucb 

Iter,  rather  better  effects  were  obtained,  because  of  the  increase 

e  percentage  of  the  lines  of  force  usefully  employed.     Had; 

f'araday  supplied  the  primary  circuit  with  a  rapidly  alternating 

t,  he  might  have  obtained  an  alternating  current  of  half  ihft 

h,  and  of  corresponding  higher  electro -motive  force  in  the 

mdary  circuit ;  but  his  galvanometer  would  not  have  indicated 

Ptbe  presence  of  this  current  if  the  reversals  were  too  rapid  to  give 

pfiie  needle  time  enough  to  move  with  each  pulsation.     By  using 

le  helix  for  the  secondary  and  Uvo  for  the  primary,  the  secondary 

irrent  might  have  bad  twice  the  strength  of  the  primary. 

We  may  repeal  that  a  transformer  should  be  so  designed  that 

n  effect  the  required  reduction  from  high  to  low  e.m.f.  wirfi 
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secondary,  while  the  primary  coil  of  thinner  wire,  p,  p,  lies  omside 
it,  and  it  will  be  observed  tliat  the  depth  of  the  layer  of  iron  write  a 
about  equal  to  the  diameter  of  the  compound  coil  of  copp«  «iit. 
Such  a  transformer  gives  fairly  good  results,  for  nearly  all  llie 
primary  lines  of  force  extend  out  to  the  massive  iron  shell,  and  in 
BO  doing  cut  the  secondary.  But  it  is  an  extremely  tedious  »nd 
expensive  piece  of  apparatus  to  make  on  a  large  scale,  on  account 
of  the  slow  process  of  winding  the  enormous  length  of  iron  wire. 
Further,  if  a  iault  should  occur,  and  faults  will  occur,  it  becoinw 
necessary  to  remove  the  whole  of  the  iron  wire  before  the  cnils 
can  be  got  at,  to  remove  the  fault. 

Consequently  large  transformers  are  not  made  in  the  manner 
illustrated,  although  in  most  cases  the  principle  is  the  same. 
The  apparatus  usually  consists  of  two  coils  of  wire,  nearly  oblong 
in  shape,  lying  side  by  side,  with  an  easily  fixed,  and  easily  re- 
movable laminated  iron  covering. 

About  thirty-three  years  ago  a  first-rate  method  of  conslnjciing 
a  large  transformer  was  patented  by  C.  F.  Varley,  which  nijy  It 
regarded  as  a  combination  of  the  two  types  mentioned.  He  took 
a  bundle  of  iron  wires  of  approximately  equal  lengths,  and  ovtr 
this  bundle  wound  the  primary  and  secondary  coils.  These  coils 
were  placed  in  the  middle  of  the  bundle,  and  extended  along  ii 
for  a  distance  equal  to  one-third  of  its  length,  so  that  the  iron  wins 
protruded  from  each  end  to  a  distance  equal  to  the  length  of  ibc 
coil.  The  ends  of  the  iron  wires  were  then  bent  round  over  the 
coils,  so  as  to  meet  and  overlap  each  other,  thus  completely  en- 
casing the  coils  with  iron,  except  at  one  place  through  whicli  the 
connecting  wires  were  led. 

But  the  necessity  for  large  transformers  did  not  then  exisi,*!*! 
the  method  was  scarcely  at  all  employed.  It  is,  howci-er,  soim- 
what  extensively  used  at  the  present  time,  because  of  the  ease 
with  which  the  iron  shell  can  be  fixed  or  removed.  The  higbeS 
practical  development  of  this  type  is  seen  in  the  Feiranti  train- 
former,  which  is  now  doing  heavj- work  in  London.  A  general 
view  of  a  Ferranti  transformer,  designed  to  receive  about  fiftett 
electrical  hotse-po*er  at  a  high  potential  difference,  and  yield: 
large  percei\tage  iW^eo^  at  a\i3WM  ■^ov.cwaa!.  S\'5.s\ia«t,>aiQven ' 
fig.  234.    A  (\uar\Vrt'^  o'iVioo^-wQtv.  SvA*«,i"vi\\Q<vt\»sSM>^S 
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handled,  every  precaution  must  be  taken  t» 
"t  from  the  primary.  For  this  reason  the  two 
Sver  interlaced,  hut  are  wound  separately,  with  effective 
Mtween  them. 
Bplest  way  of  laminating  the  iron  core,  is  to  build  it  up 
n  wire,  in  exactly  the  same  manner  as  the  core  of  a 
In  fact,  a  Gramme  ring  armature  having  a  large 
I  convolutions  can  be  readily  turned  into  a  very  fair 
,  by  using  two  or  three  equidistant  seotions  for  the 
Ecoil,  and  the  remainder  in  series  for  the  primary. 
times  so  constructed  in  sections,  but  the 
is  to  wind  the  wires  spirally  in  two  continuous  coils. 
pid  reversals  of  magnetisation  which  take  place,  quickly 
ion  core,  however  well  it  is  laminated.  This  heat  must 
id  since 
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„  now  built  up  d 
a   numl)er  of  fl« 

plates  of  sheet-iiOT, 
■ilaced  su  thai  the 
|ibne  of  the  sbwt 
^hall  be  as  fai  as 
[lossiblev-arallelto 
ihc     direction   in 
which  the  lines  ot 
force     aie     ihnist 
through    the  iron- 
They   are    usiullj 
insulated  by  a  thin 
coating  of  varnish, 
or    by    paper,   « 
sometimes   calico, 
and  the  devices  liy 
which  such  pUics 
may     be    cheapl* 
made   and   pUccd 
in  positional 
tivimerous.  Asthey 
differ  but  liMte  in 
principle,  we  need 
select     only    t«o 
paiierns     for    de- 
scription. 

Two  general 
views  of  the  Moi-  , 
dey  type  of  tnns- 
fomierare  given  in 
j[  r,g.  2J5.  Thethio, 
iron  plates  arcol> 
long  stainpinpi 
and  an  oblong  strip 
is  suimped  out  ol 
the  middle  of  ejch, 
iriginal  plate.  Vften, 
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Mr,  Mordey  has  recemly  performed  a  lengthy  seiiesof  expt 
nicnts  to  determine  tile  rate  of  alternation  best  suited  to  his  0 
transformer,  the  method  adopted  being  to  discover  at  what  1 
the  least  heat  was  developed  in  the  apparatus.     The  rise  in  K 
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ppis  the  primary,  and  tlicse  two  coils  are  wuund  [o  iheproptt 
shape  on  a  suitable  mould  or  frame,  and  placed  one  over  the  Who 
as  indicated  in  the  figure.  The  strip  t  of  each  stamping  is  divided 
from  ihe  plate  at  one  end,  along  the  hne  a  b.  In  building  up  the 
transformer  the  tongue  t  thus  formed  is  ber\t  at  right  anglcsiothe 
plale,  which  can  then  be  slipped  over  the  coils,  and  the  tongut  bent 
buck  into  its  proper  position.  A  large  number  of  plates  b 
similarly  slipjKd  on,  tlie  wire  is  surrounded  on  all  sides  b]r  ir 


a  glass  from,  providing  acconiniodation  for  a  safety  fuse,  and 

a  double-pote  switch,  by  means  of  which  both  wires  leading 
ie  primary  coil  can  be  simullaneously  disconnected. 
rhese  transformers  are  made  in  a  variety  of  sizes,  but  the 
t  frequent  are  those  capable  of  transforming  down  from  i,ooo 
I  to  loo  volts,  3,000  to  50,  1,000  to  100,  and  1,000  to  50- 
Transformers  have  been  put  10  a  novel  and  interesting  use  by 
'  Elihu  Thomson,  who  employs  them  for  the  purpose  of 
ining  the  very  heavy  currents,  which  are  required  in  his 
lod  of  electric  welding.  This  method  consists  in  placing  the 
pieces  of  metal  required  to  be  welded  end  to  end,  and  sub- 
ng  thcro  to  moderate  pressure  against  each  other.  A  very 
'y  current  is  then  i>assed  through  them,  and  as  they  make 
:rfect  contact  at  their  opposing  surfaces,  considerable  resist- 

is  there  offered  to  the  passage  of  the  current,  and  a  very 
ise  heat  is  consequently  developed  at  the  point  where  it  is 
ired  to  make  the  weld.  If  the  current  is  sufficiently  strong, 
apposing  surfaces  get  white  hot,  and  being  pressed  together 

unite  perfectly,  bulging  out,  however,  round  the  edges.  It  is 
ssary  that  the  surfaces  should  be  perfectly  clean,  and  a  flux, 
composition  of  which  depends  upon  the  nature  of  the  metals 
e  welded,  is  usually  employed  to  prevent  the  oxidation  of  the 
aces  and  so  render  the  weld  more  perfect.  In  the  case  of 
I,  a  little  borax  is  sprinkled  over  the  ends  of  the  rods. 
But  in  order  to  sufficiently  raise  the  temperature  of  thick  rods 
Bclal,  enormous  currents  are  required  ;  for  instance,  a  current 
ibout  20,000  amperes  would  be  required  to  weld  a  steel  rod 
Hi-eighlhs  of  an  inch  thick.  It  will  readily  be  understood  that 
lueh  a  case  the  resistance  of  the  current  generator  must  Ije 
ttnely  small,  otherwise  the  power  absorbed  in  it  would  amount 
lany  horse -power. 

Secondary  batteries  might  be  employed  for  the  smaller  cur- 
5,  but  the  most  economical  method  is  to  generate  an  alter- 
1^  current  by  means  of  a  dynamo,  at  a  fairly  high  e.m.>'., 

ruJucing  this  to  a  lower  k.m.f,  by  means  of  a  transformer, 
in  at  the  same  time  an  increase  in  the  current  strength. 
'  arious  types  of  transformer  have  been  employed  for  the  pur- 
,  one  form  being  illustrated  by  the  diagram  in  fig.  339.     Tht* 
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primary  coil,  p,  is  composed  of  a  number  of  tunis  ol 
in  a  circular  coil ;  the  secondary  consists  of  a  tingle  ■ 
copper  slrip,  s  s,  benl  into  a  circular  form,  and  placed  com 
ally  with  the  primary  coil,  Over  the  two  coib  i^  wound  a  q 
of  iron  wire,  11,  in  iwo  masses,  space  being  left  belvita 
on  oDe  side  1 


plied  to  the  primary  at  an  e.m.f.  of  about  fiot 
twenty  amperes,  A  certain  amount  of  this  power  i%  of  couJ 
daring  the  conversion  ;  but  a  current  of  iz,ooo  anipera 
E.M.F.  of  nearly  one  volt  can  be  obtained  in  the  secooduyi 


Distribution  by  Transformers  46 1 

wtant  to  observe  the  reason  for  most  of  the  heat  being 
the  proper  point.  When  the  current  is  started  in  the 
jcuit,  the  resistance  at  the  junction  is  far  greater  than 
«  of  the  whole  of  the  remainder  of  the  circuit ;  con- 
B  fall  of  potential  there  is  comparatively  very  great, 
y  the  whole  of  ihe  power  appearing  in  the  secondary 
in  overcoming  the  resistance  at  the  opposing  surfaces  \ 
es  get  hi)(,  and  being  pressed  together,  they  then  make 
contact.  The  rise  in  temperature,  however,  consider- 
S  the  resistance,  and  consequently  the  expenditure  of 
js  point  is  still  proportionally  great.  The  ease  with 
Bt  can  be  confined  to  any  p.irlicular  locality  consti- 
eat  advantage  of  the  method.  It  is  usual  to  quickly 
welded  pieces,  and  hammer  ihe  joint  into  shape  on  an 
iamps  make  contact  with  a  large  surface,  to  avoid,  as  far 
he  introduction  of  resistance,  and  they  are  so  designed 
lOval  of  the  welded  rods  can  be  speedily  effected. 
Ineter  illustrated  in  fig.  106  was  specially  constructed 
one  of  these  transformers,  the  potential  difTerence  in 
ly  circuit  ranging  up  to  about  2-5  volts, 
re  two  distinct  methods  of  distributing  power  to  a 
lansformers,  each  of  which  has  several  important  ad- 
recommend  it.  First,  the  whole  of  the  transformers 
(led  in  series,  and  a  constant  current  sent  through 
f  the  primary  coils.  Secondly,  they  m.iy  all  be  con- 
irallel  between  two  main  leads,  which  are  kept  at  a 
tential  difference,  so  that  the  difference  of  potential 

ends  of  all  the  primary  coils  is  always  the  same. 
aer  is  in  some  cases  the  more  economical  as  regards 
laors,  for  the  maximum  current  in  them  is  only  equal 
jlied  to  one  transformer,  and  is  the  same  when  the 
mount  of  work  is  being  done  as  it  is  during  any  smaller 
It  a  generator  is  required  which  will  supjily  a  constant 

current,  under  all  variations  in  the  external  circuit ; 
li  a  machine   does  not  at  present  exist,  it  becomes 

employ  somewhat  unsatisfactory  hand  regulating  de- 
culties  also  arise  with  regard  to  the  regulation  in  the 
ircuit. 


I 
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The  E.M,F.  appearing  in  ihe  secondary  circuit  \ia«s 
with  Ihe  strength  of  the  primary  current.  Il  also  depenib  n[M 
number  of  convolutions  in  the  two  coils,  and  the  goodneKel 
mngnetic  circuit  (that  is,  upon  the  multml  induaion  b 
two  coils),  and  also  upon  the  rate  of  alternation  ;  but  i*  ( 
quantities  are  usually  iixed  for  any  giv-cn  tranifonncr, 
say  that  the  secondary  e.m.f.  varies  simply  with  i!iccwti« 
through  the  primary.  The  strength  of  thesecondarj-  cum 
ever,  will  depend  largely  upon  the  resistance  of  ihc  s 
circuit.  Now  in  the  case  nf  a  series  transformer  the  pi 
current  is  kept  constant,  therefore  the  secondary  E.M.r  is  ilw 
stant,  and  manifestly  we  cannot  maintain  a  constant  pM 
difference  at  the  secondary  terminals,  nor  a  constant  XEll 
current,  if  the  secondary  resistance  is  in  any  way  varied. 
the  lamps  joined  lip  in  parallel  it  would  be  necessary  on  d 
any  one  of  them  out  to  substitute  an  equal  resistance,  which  1 
of  course  be  w.Tstcful, 

The  mutual  induction  might  be,  and  in  fact  has  been, 
suit  altering  conditions  by  providing  an  adjustable  core  ; 
is  also  unsatisfactorj'. 

A  better  plan  is  to  join  either  arc  or  low  resistance tncandtf 
lamps  in  series,  and  on  remo^nng  one  to  rc|iiace  it  by  a 
coil,  or,  preferably,  by  a  choking  coil,  that  is  to  say,  byatf 
wire  provided  with  an  iron  core,  and  having  consideraW  (d( 
duction.  Its  apparent  resistance  should  be  equal  to  thai  <f 
lamp  which  it  replaces. 

In  such  a  series  transformer  the  num(>er  of  turns  in  tht 
condary  is,  as  a  rule,  equal  to  that  in  the  primary-,  tliron^  rf 
a  current  of  10  amperes  is  maintained. 

But  if  the  transformers  are  joined  up  in  parallel,  andll 
stant  (alternating)  potential  difference  is  maintained  betnten 
mains  across  which  their  primary  coils  are  connected, 
almost  constant  potential  difference  can  be  obtained  in  the 
ary  circuit,  even  though  the  resistance  therein  be 
varied.    The  lamps  can  be  joined  in  parallel,  and  if  the  tniufo 
is  properly  designed  it  will  be  almost  self- regulating ;  for ' 
passing  through  the  prim.iry,  and   therefore  also  the 

ill  be  almost  proportional  to  the  number  of  lamps  ti^ 


'  irciiit,  that  is,  inversely  proportional  to  the  seconOary  resist- 

1  lie  reactions  which  cause  this  self- regulation  are  very  iuiponatit 
->iiil  interesting,  and  in  order  to  better  understand  them  [lie 
•todctit  may,  with  advantage,  again  read  some  of  the  remarks 
«)nceming  self-iiiduttion,  &c.,  in  Chapter  VII. 

On  considering  the  construction  of  either  of  the  parallel  irans- 
ibnners  just  described,  it  will  be  apparent  that  since  the  primary 
■oil  consists  of  many  convolutions,  and  is  almost  completely  sur- 
■ounded  by  a  mass  of  soft  iron,  the  conditions  for  enormous  self- 
Enduction  exist.  In  fact,  supposing  the  secondary  circuit  for  the 
raoment  to  lie  absent,  or  disconnected,  the  self-induction  is  so  great 
hal  an  appreciable  interval  of  lime  elapses,  before  a  current  in  the 
■rimary  rises  to  its  full  value,  although  the  potential  difference 
xay  be  high.  And  if  the  potential  difference  be  nipidly  alternated, 
:  «ill  not  remain  constant  in  one  direction  long  enough  to  allow 
r»y  sensible  current  to  be  forced  through  the  coil.  But  supposinj 
a*  secondary  circuit  is  completed  through  a  rather  low  resistance, 
O  that  it  is  possible  for  fairly  strong  currents  to  How  therein,  then 
r»e  conditions  are  altered.  For  directly  a  current  commences  to 
■    ■■-  jn  the  primary  coil,  the  lines  of  force  springing  out  from  the 

.  not  only  cut  the  neighbouring  convolutions  of  that  coil 
.ling  to  give  the  effect  known  as  self-induction,  but  also  cut, 
nd  set  up  an  opposite  current  in  the  secondar)'.  The  lines  of 
tXce  due  to  this  secondary  current  re-act  on  the  primary  coil 
See  fig.  116)  in  just  the  opposite  sense  lo  its  own  lines  of  force, 
ending  thereby  lo  neutralise  the  self- in  due  live  effect,  and  allowing 
he  primary  current  to  rise  rapidly.  Although  the  length  of  the 
■«cordary  is  less  than  that  of  the  primary,  the  current  (lowing 
lirdngh  it  is  much  greater,  which  may  be  expressed  by  saying  that 

!  ;nes  of  force  per  unit  of  length  are  more  numerous.     Conse- 

.!ly,  if  the  secondary  resistance  is  \ery  low.  allowing  strong 

ri.nis  to  flow,  this  reaction  is  competent  to  reduce  the  apparent 
primary  self-induction  to  a  very  small  value. 

If  then  a  number  of  lamps  are  joined  in  parallel  in  the 
Secondary  circuit,  an  increase  in  the  number  switched  in  means  an 
i « icri-ase  in  the  secondary  current,  and  a  corresponding  increase  in 
•  t-  R-aciioii  on  the  primary,  which  allows  a  greater  current  strengih 
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to  be  atLtined  therein.  While  when  all  the  iui)[]saitod 
primao'  scU-induciion  is  sufficient  to  throtiJe  or  duAetad 
current  almost  entirely.  On  account  of  ih«c  fploil 
regulaliitg  properties,  nearly  all  distribution  is  perlbrmtdliji 
of  uansformcrs  joined  in  parallel.  Although  the  site  of  ibtl 
is  sotnewhat  larger  than  on  the  Other  system,  the  3idnse| 
more  than  counterbalance  ibis  objection,  and  it  is  a  comptf 
easy  matter  to  obtain  an  alternating  generator  which  i 
tain  a  constant  pwtentiaL 

Uy  regarding  the  action  of  the  primary  upon  the 
coil  in  the  manner  develotwd  in  Chapter  VII.,  it  willbei 
apparent  that  the  currents  in  the  two  coils  are  alu'ays  in  d 
phase  ;  in  fact,  in  an  ordiiiarj-  transformer,  tlie  scconduy  n 
maximum  occurs  .alinosi  simultaneously  with  [he  primary 
inaxinmin  and  via  vend. 

In  all  cases  great  care  must  be  taken  to  avoid  a  Icalcai 
the  primary  to  the  secondary  circuit,  for  a  potential  iliSb 
sevi-ral  thousand  volts,  such  as  is  frequently  employ«l, 
cause  a  fatal  accident  in  the  actual  lamp  circuit  should  an; 
point  in  the  primary  circuit  be  making  earth  at  the  saw 
Many  safety  devices  have  been  suggested,  one  being  lh< 
position  of  an  earth -connected  metal  sheathing  between  tl 
coils  ;  so  that  any  breakdown  in  the  insulation  would  c 
sufficiently  strong  current  to  flow  to  earth,  to  melt  a  safely 
the  primary,  and  thus  disconnect  that  particular  iransfonne 
out  interfering  with  others  working  in  parallel  with  it. 

Such  a  fuse  would  also  act  if  by  any  means  the  appani 
short-circuited ;  and  something  of  the  kind  is  essential,  for 
wise  not  only  would  all  the  transformers  be  deprived  of  po» 
the  heavy  current  which  would  result  might  cause  seriousd 

The  metal  sheathing  referred  to  should  be  insulated  * 
trcme  care,  and  must  not  form  a  closed  metallic  circuit  rooi 
inner  coil,  otherwise  powerful  eddy  currents  would  be  induce 

Another  safety  device  is  due  to  Major  Cardew.  Bet*© 
horizontal  stout  brass  plates  is  placed  a  strip  of  aluniiniui 
one  end  of  which  is  free  while  the  other  is  attached  to  the 
brass  i)Iate,  which  is  in  its  turn  connected  to  earth.  Tla 
pl.ite   is   connected    to  the   secondary  coil,  so  that  dwol 
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I  assume  a  much  higher  pauami  than  tbc  earth.  ■.'■:;  to  A 
ad  be  raised  by  elearosutic  aXaxtioB,  and,  toocbin^  'i:e  ^pj<a 
^  would  short-circuit  the  secondaij  ooiL  This  vci.:Id  allow 
aifficieotly  strong  cuirect  to  pass  thmo^  the  pntaazy  lo  mel:  a 
e  placed  in  the  drcuit,  and  in  that  way  cat  out  the  trar.i'ormer. 
Oie  primary  circuit  b  making  earth  at  am*  point,  and  any  leak- 
c  occurs  beiffcen  the  primary  and  the  secoodary.  ihe  ■-p:>sr 

ajis  plate  is  immediately  raised  to  a  safficienliy  high  po;en:ial 
aiiract  the  foil,  and  cut  out  the  tiaiuidniKT  iu 

Scribed 
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CIIArriiR  XIV. 

SliCONDARY    BATTERTES. 

was  staled  when  describing  the  simple  i^elJ,  that  lis  great  lim 
back,  so  far  as  concerned  its  general  utility,  was  its  compantiR 
rapid  polarisaiion,  a  phenomenon  which  consisted  in,  or  laih 
resuhed  from,  the  development  of  a  film  of  hydrogen  gss  ir 
the  surface  of  tlie  negative  plate.  This  hydrogen  being  elcclr 
positive  to  zinc,  having,  that  is  to  say,  a  higher  potential  than  ix^ 
counter  electro- motive  force  was  set  up,  and  the  conditions  It 
the  flow  of  a  counter  current  thereby  determined.  But  chemic 
reactions,  similar  to  those  which  take  place  inside  a  battery  ci" 
may  be  repeated  in  any  part  of  the  circuit  by  causing  the  cunt 
to  pass  through  suitably  arranged  metals  and  liquids.  The  usi 
method  of  [lerforming  electro -chemical  experiments  is  to  pbcc  ih 
ends  of  the  wires  connected  to  the  poles  of  the  battery  in  a 
containing  the  liquid  upon  which  the  current  is  to  act  Thus, 
the  ends  of  two  copper  wires  terminating  in  cop|ier  plates,  ai 
iiccted  to  the  copper  and  zinc  poles  respectively  of  the  battery,  an 
placed  in  a  vessel  containing  acidulated  water,  llien  the  iwssaget 
a  current  will  cause  aquantityof  that  water  to  be  decomposed,!!! 
the  constituent  gases,  oxygen  and  hydrogen,  to  be  released  &« 
tlieir  state  of  combination.  The  hydrogen  will  accumulaie  on  ih 
surface  of  the  plate  connected  with  the  zinc  pole,  while  the  o»yge 
will  combine  with  the  other  plate,  just  as  it  happened  with  the  no 
plate  in  the  simple  cell.  If,  however,  we  substitute  a  strip  of  pbli' 
num  for  the  copper  plate  connected  with  the  copper  pole  of  tb 
batter}',  the  liberated  oxygen  will  not  enter  into  any  combin3tion,ba 
remain  in  a  ga>ieous  stale,  a  large  portion  of  it  rising  into  tlicji( 
and  the  remainder  adhering  to  the  surface  of  the  platinum  o 
itering  its  pores  and  becoming  in  a  measure  occluded  or  absorbed 
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ic  absence  of  clicmical  comLi.-u::cn  bct»e^ri -j-.^f  :.'i-.— aa 
;en  is  due  to  the  we.ik  chemical  aSLiity  !_/-  -:-j  _--.:«^:;a 
3  simple  bodies.  By  obsening  proper  pci.-_2'-rxci  ^^  :«• 
ly  be  collected  separately,  the  apparatus  fcr  ibc  pwpuM 
cing  the  decomposition  and  coDecm^  the  pndKS  boBC 

voltameter.     Fig.  240  is  an  tllcistiatioa  of  a  miittaMc 

this  class  of  instrument.  There 
;  glass  tubes,  all  in  comniunicalioci 
lower  entreinities,  the  middle  one, 

taller  than  the  others  and  lenni- 
\X  the  top  in  a  small  reservoir,  U> 
;  two  outer  tubes,  b  c,  supplied  with 
,  and  to  prevent  the  liquid  over- 
when  driven  from  Band  c.  Plati- 
'es  are  fused  through  the  glass  and 
[e  inside  in  strips  of  plaliaum  foil. 
Her  extremities  being  connected 
linals  fixed  on  the  wooden  base, 
e  ground  into  the  up|>er  portions 
jl)es  D,  c,  affording  facilities  for  the 

when   required,   of  the   confined 

On  sending  a  current  through  the 

,  the  decomposition  of  the  water  __ 

ace,  the  oxygen  collecting  in  one    y^/__ 

d  the  hydrogen  in  the  other,  ac-  ""^  *^^^ 

to  the  direction  of  the  current.     The  gu^.u 

low  readily  that  the  quantity  of  hydrc 

at  of  the  oxygen,  in  consequence  of  the  fact  d 

that  proportion  when  combined  to  f< 

e  platinum  electrodeaare  now  disconi 

led  up  to  a  galvanometer,  it  will  I 

■icity  is  produced  by  the  voltamet* 

lounier  or  secondary  current  is 

or  primary  current  which  caUS* 

A  series  of  four  voltameters  < 

iwn  as  Grove's  gas  battery,  " 

lists  of  two  lubes,  a  b,  closed  at  < 

vessel,  M.     A  platinum  wire  is  f 
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Tie  difference  of  potential  or  electro -motive  force  between  the 
■ce  hj'dtoytn  and  oxygen  is  1-47  volts,  and  that  is  a  measure  of 
If  force  of  chemical  combination  between  these  gases,  whence 
■Uiiws  ihat,  in  order  to  overcome  this  force  of  combination, 
ilierefure  to  decompose  the  water,  we  must  employ  for  each 
'  r  ,Ll,iry  cell  a  primary  current  whose  electro- motive  force  exceeds 
4;  \olis. 
L.jils  in  which  the  energy  of  chemical  change  can  be  thus 
-■  ■rt.ij  up,  lo  be  given  out  again  when  required  in  the  form  of  an 
jccthc  current,  are  frequently  called  electrical  accumulators  or 
tectrica!  storage  cells.  It  is  not,  however,  electricity  which  is 
Kored  or  accumulated,  but  rather  a  quantity  of  the  active  con- 
■iluents  of  a  cell,  and  it  is  the  subsequent  chemical  action  be- 
■veen  thi^se  constituents  which  causes  the  flow  of  electricity.  It 
B  therefore  preferable  to  style  them  secondary  cells.  This  will 
»e  more  apjiarent  when  it  is  remembered  that  a  primary  cell  can 
kave  a  current  sent  through  it  in  the  opposite  direction  to  that  in 
vhich  the  current  generated  by  it  would  flow,  and  this  current  will 
tause  the  usual  negative  plate  to  be  more  or  less  dissolved  and  the 
positive  plate  replenished,  setting  up  ihe  conditions  necessary  to 
ite  re- establishment  of  a  primary  current.  If,  for  example,  we 
buppose  a  powerful  reverse  current  to  be  urged  through  a  Daniell 
irell  in  which  the  copper  sulphate  has  been  exhausted,  the  copper 
ijlaie  will  be  partially  dissolved  and  copper  sulphate  reformed,  while 
emc  will  be  deposited  upon  what  remains  of  the  zinc  plate.  1'he 
cell  is  then  able  lo  again  generate  a  current  of  its  own. 

Although  the  water  cell  is  exceedingly  interesting,  as  a  secon- 
Klary  generator  it  is  not  a  practical  piece  of  apparatus,  for  it  is  only 
sble  to  maintain  a  current  for  a  very  short  space  of  time. 

Many  experiments  have  therefore  been  performed  to  determine 
■till:  best  liquid  and  electrodes  (the  metal  plates  immersed  in  the 
liquid),  for  a  practical  form  of  secondary  battery.  The  most 
aisiduous  worker  in  this  field  was  Plante,  and  the  result  of  his 
laliours  was  the  discovery  that  lead  electrodes  in  a  solution  of 
suljjhuric  acid  give  the  Ijesi  results,  He  found  that  a  large 
JMrtion  of  the  oxygen  combmed  with  the  plate  at  which  it  wa^ 
leleased,  forming  an  insoluble  comijound,  whic\v  ■w\\e'(\  o^V*^^^^*^ 
B  c/can  metallic  lead  i>bte  devdoiK-i  a  polcntia\d\RctCT\ce«^^TQTO 
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3  to  a'S  volts.     In  Plantfs  method  the  lead  phtes  employ 
were  comparatively  very  large  with  a    vi*rw    to    increasing  tfa  1 
amount  of  active  materi.-il  and  reducing  as  far  as  possible  tlien-  [ 
sisiancc  of  the  cell.     Tliey  were  first  laid  one  over  the  oihcf,  bui  I 
stiiaratcd  by  strips  of  non-conducting  material,  and  then  tolled  up  1 
together  in  a  kind  of  double  spiral.     In  this  way  an  enuonmo 
surface   was   presented   to   the   liquid.      On   sending  a  piiaunl 
battery  current  through  the  cell,  from  plate  to  plate,  I 
decomposed,  the  oxjgen  combining  with  the  metal  at  the  pmiul 
electrode  to  form  peroxide  of  lead,  PbOj,  whili;  the  hjdrc^en  fl 
precipitated  upon   the   negative  electrode  in  the  gaseous  fix^] 
without  in  any  way  attacking  the  metal.     The  cell  so  acted  u{ 
liecame  a  secondary  cell  in  which  tlie  negative  electrode  adediij 
the  positive  plate,  being  a  sheet  of  lead  with  a  more  or  less  a 
plete  film  of  gaseous  hydrogen,  the  otlier  plate  or  positive  el 
trode  with  its  film  of  insoluble  lead  peroxide  behaving  a 
negative  plate.    It  will  thus  be  seen  that  the  pole  of  the  secowi 
which  is  connected  to  the  positive  pole  of  the  primar)-  genet: 
whether  a  battery  or  a  dynamo  machine,  becomes  the  jx 
pole  of  the  secondary,  the  other  extremity  becoming  perfoe 
negative  pole. 

On  permitting  the  rewrse  or  secondary  current  to  flow,  whii 
remained  of  the  hydrogen  was  oxidised  and  converted  into  watet, 
some  of  the  subjacent  lead  being  also  oxidised  at  the  expenwof 
the  water.     On  the  other  hand,  the  peroxide  on  the  othci  plUr 
was  deoxidised  or  reduced  to  metallic  lead  in  a  '  spongy '  form 
These  experiments  can  be  very  easily  performed  by  sending  fori 
short  time  a  current  from  three  or  four  good-sized  raniellctC 
through  a  vessel  containing  two  pieces  of  sheet  lead  immersed  i" 
sulphuric  acid  solution.     The  piece  connected  to  the  copp«poir 
of  the  liattery  will,  after  the  passage  of  the  current,  be  discolouiwl 
and  assume  a  brownish  tint,  owing  to  the  partial  oxidation  of  ibf 
surface  of  the  metal.     The  amount  of  chemical  change  t:ikiflj 
place  during  these  reactions  is,  however,  very  small,  too  stnallto  J 
answer  any  practical  purpose,  and  this  is  due  in  a  great  niumire  J 
to  the  comparatively  small  amount  of  surface  exposed,  and  10  the  f 
fact  that  the  greater  part  of  the  hydrogen    escapes  instod  of  I 
adhering  to  the  plate. 


Phnh'  Cell 


next  step  laken  by  Plants  in  the  development  of  the 
form  of  secondary  cell  was  an  important  one,  and  that 
doption  of  a  mclliod  for  increasing  the  available  surface 
letal  electrodes.  It  was  found  that  after  sending  the 
lirrent  through  the  secondary  cell  for  some  time,  and  so 
fering  the  surface  of  the  positive  electrode  with  a  film  of 
dde,  the  oxygen  released  from  the  water,  instead  of  com- 
tb  the  lead,  formed  into  bubbles  and  escaped  into  the  air. 
It  thus  for  a  given  metallic  surface  a  limit  to  the  amount 
ie  that  could  be  formed. 

urrent  was  consequently  reversed,  that  is  to  say,  the  cell 
ied  to  discharge  itself  almost  completely,  so  that  the 
ad  plate  became  oxidised,  and  the  other  deoxidised  and 
B  its  turn  to  the  condition  of  spongy  lead,  with  a  propor- 
icreased  surface.  A  fresh  direct  or  charging  current  on 
lit  through  the  cell  again  oudised  this  extended  lead 
jd  reduced  once  more  the  negative  surface  to  the  spongy 
t  These  reversing  operations  being  continued  for  some 
ll  positive  and  negative  surfaces  were  eventually  very 
biy  increased  and  rendered  more  or  less  porous,  one  of 
Sg  always  in  a  state  of  oxidation.  After  a  few  days,  how- 
niod  of  rest  was  allowed  between  the  reversals  with  a 
Ie  and  most  useful  effect  due  to  local  action.  The  lead 
did  not  form  a  continuous  impervious  coating  over  the 
',  allowed  the  solution  to  pass  between  its  particles  and 
S.conlact  with  the  metallic  lead.  The  peroxide  being  at 
^rect  contact  with  the  lead,  a  simple  voltaic  pair  was 
Uished  with  the  lead  for  the  positive  and  peroxide  for  the 
dements.  The  acid  attacked  the  lead  and  formed  lead 
^bSO,),  which  is,  however,  but  a  poor  conductor  of  elec- 
iflsulphatebecameavaiiaijle  for  the  subsequent  electrolytic 
Sfoe  amount  of  lead  actually  alTected  or  made  active  was  thus 
fbly  increased  and  the  porosity  of  the  plate  gradually  made 
I  more  complete.  The  process  of  'forming'  the  plates 
^  been  continued  until  the  whole  became  porous  by  its 
ill  into  spongy  lead,  but  there  is  a  practical  limit  to  the 
C  if  pursued  too  far,  the  plate  would  fall  to  pieces  simply 
It  of  its  inability  to  mechanically  support  itself. 
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The  cell  being  once  formed,  no  further  reversal  takes  phct 
excepting  for  the  purpose  of  discharging  it  to  perfonn  ludiil 
woik. 

'1  liis  niethod  of  forming  the  plate  is,  however,  very  twiimu 
and  very  c\ix;nsive,  and  many  efforts  have  been  made  to  oi-erconK 
the  objection.  One  method  is  to  subject  the  lead  to  a  nJtro- 
sulphuric  acid  solution  which  rapidly  eats  into  the  metal  anJ 
increases  its  surface  conespondingly.  Another  method  is  to  filli 
vessel  with  molten  lead,  and,  as  it  is  on  the  point  of  solidllicauao, 
to  make  an  opening  in  the  bottom,  and  allow  such  of  the  meulv 
remains  in  the  liquid  state  to  flow  out,  leaving  behind  it  a  spw^ 
porous  mass.  This  is  cut  up  into  plates  of  the  required  dimen- 
sions. 

Lead  plates  pure  and  simple,  often  known  as  Plants  pble, 
are  now  only  occasionally  used,  the  cell  more  generally  emplaji'i 
being  that  bastd  upon  the  idea  of  Faure,  which  was  to  > 
plates  with  a  paste  of  lead  oxide,  and  so  to  more  easily  e\lcnd 
lead  surface.     A  mixture  of  sulphuric  acid  and  minium 
lead  (PbjO,)  was  made,  which  resulted  in  the  formation  of  lead 
sulphate  (PhSO,).     This  was  applied  to  both  the  positi\e  ind 
negative  plates,  that  on  the  plate  in  connection  with  the  positive 
pole  of  the  primary  l»attcry  being  by  the  current  converted 
peroxide  of  lead,  by  the  absorption  of  oxygen,  while  the  paste  i 
the  other  plate  was  reduced  more  or  less  to  the  condition  > 
spongy  lead.     It  will  thus  be  seen  that  the  great  %-alue  of  Fa 
invention  is  to  minimise  the  amount  of  energy  required  to 
expended  in  '  fortning '  the  plates. 

It  is  now  the  practice  to  use  a  paste  of  litharge  (PbO)  and  i 
for  the  plate  connected  to  the  negative  pole,  although 
vary  the  jiastes  considerably.  In  some  cases  minium  only  ■ 
employed.  In  others  a  mixture  of  litharge  and  lead  sul|Ai*l] 
and  in  others,  again,  all  three  substances,  viz.  minium,  lnhJlJtf 
and  lead  sulphate  enter  into  the  constitution  of  the  paste,  lall. 
cases,  however,  the  ultimate  result  of  the  initial  charging  cunrf] 
is  the  same,  viz.  the  conversion  of  the  paste  on  the  positiw  i 
into  peroxide,  and  of  the  paste  on  the  negative  plate  into  sptxQJ 
ling  the  plates  to  be  in  the  state  of  lead  sulj* 
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ad  monoxide  (or  litharge)  respectively,  the  initial  action  may 

nmarised  by  the  equation  :^ 

iO*  +  aOH,  +  PbO  =  PbOs  +  SO,H,  +  OHj 


Lend 


Leid 


Sulphuric 


Lend. 


will  be  seen  in  this  case  that  the  positive  plate  exchanges 
I,  for  two  atoms  of  oxygen,  that  tne  negative  plate  loses  its 
n,  and  that  one  of  the  water  molecules  is  converted  into 
uric  acid,  so  that  the  quantity  of  acid  in  the  solution  gradually 
ises,  while  the  quantity  of  water  as  steadily  diminishes, 
he  secondary  current,  during  the  process  of  discharge,  reverses 
itate  of  affairs,  the  two  plates  being  convened  into  lead 
ate.  The  process  is  doubtless  brought  about  in  several 
I,  but  tht-y  may  be  represented  by  the  following  equations  ; — 
O,  +  aSO.Hj  +  Pb  =  PbO  +  SO.Ha  +  OHj  +  PbSO,. 
a  lead  monoxide  then  reacts  with  the  sulphuric  acid  and 
sulphate  and  water  thus : — 

PbO  +  SO,H,  =  PbSO,  +  OHj. 


mbintng  the  two  equations  : — 
PbOi  +  2SO^H,  +  Pb  =  aPbSO.  ^ 


. 


zOU... 


;  reactions,  however,  affect  only  a  small  portion  of  the 
I ;  that  is  to  say,  the  active  portion  of  the  cell  is  far  less  than 
chich  remains  passive, 
he  pastes,   one  and  all,    adhere  very  feebly  to  the  lead 

and  many  devices  have  been  attempted  to  secure  better 
iion.  One  of  the  earliest  plans  was  to  score  or  scratch 
5ad  surface.  Then  it  was  indented,  the  indentations  deve- 
*  subsequently  into  perforations.  The  paste,  on  being 
lied  into  the  holes,  certainly  kept  its  position  much  better 
when  simply  smeared  over  the  surface  of  the  lead,  but  the 
jty  of  paste  exposed  to  the  liquid  was  reduced.  Even- 
,  leaden  grids  were  cast  containing  sufficient  metal  to  bear 
■eight  of  the  plate,  the  holes  being  square   and  somewhat 

'  lal,  that  is,  smaller  in  the  middle  of  the  plate  than  on  the 
^  so  as  to  prev'.:ni,  ;is  far  as  possible,  the  peroxide  from 
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falling  out  An  illustration  of  the  latest  tj-pe  of  o 
tutcd  by  the  Electrical  Power  Storage  Co.,  is  given  in  fig 
A  number  of  grids  of  lead,  or  of  a  haid  lead  alloy  (lead  1 
with  a  small  |)roportion  of  aminiony),  are  filled  with  the  ] 
the  number  varying  with  the  size  of  the  cell,  but  always  *id 
negative  plate  in  excess  of  ihc  number  of  positive  pbtes. 

The  cells  are  usually  provided  with  15  or  23  plates,  of  1 
7  and   1 1   respectively  are  intended    for  ihe   poiitii-e,  and 


remainder  for  the  iii:y,aivc  surface.  The  object  of  haTingt| 
number  of  plates,  is,  of  course,  to  increase  the  capacity  of  the 
and  to  reduce  its  internal  resistance  without  resorting  to  ltd 
of  inconveniently  large  plates.  Each  grid  measures  about  Sj 
inches,  and  is  -^g  inch  thick,  the  weight  being  about  5  lbs. 

The  li;ad  grids  are  provided  with  lugs  for  the  purpose  of 

nection,  ihe  lugs  of  the  positive  plates  being  aL  melted  M 

on  to  one  leaden  strip  or  band,  the  lugs  of  the  negative  platcsl 

.  aimilarly  secured  to  another  strip.    The  plates  are  placed  ii 


31  alternately,  the  distance  between  two  adjacent  plates  being 
Mut  a  quarter  of  an  inch,  which  is  sufRcient  to  allow  pieces  of 
le  plates  or  paste  that  may  become  detached  to  fall  to  the  bottom 
f  the  cell.  Bent  strips  or  forks  of  ebonite,  celluloid,  or  other 
uitable  material  are  placed  between  the  plates  to  keep  them  ai>art 
md  prevent  internal  contact.  The  negative  plates  in  each  cell  are 
'''n  held  rigidly  together  by  means  of  two  stout  strips  of  lead 
ii.-d  on  to  solid  extensions  from  the  lower  edges,  two  others 
Fit;  also  secured  to  the  sides  of  the  plates  about  half-way  up. 
( ijcie  connecting  strips,  one  of  which  is  shown  at  the  left-hand 
I'de  of  the  figure,  serve  as  a  furlbcr  means  of  keeping  the  negative 
'lates  in  position.  The  bottom  strips  rest  on  slabs  or  strips  of 
araffincd  or  varnished  wood  so  as  to  support  them  at  a  height  of 
iout  li  inch  above  the  bottom  of  the  containing  cell,  affording 
lereby  plenty  of  room  for  any  scales  or  pellets  that  may  fall  to 
le  bottom  to  lie  cleat  of  the  plates.  Lugs  cast  on  to  the  sides 
the  positive  plates  rest  in  small  ebonite  shoes,  which  are  sup- 
>ned  by  the  side-strips  of  lead  attached  to  the  negative  plates, 
he  positives  are  also  connected  together  across  the  lop  by  the 
ibsiantial  lead  strip  shown  a  little  to  the  right  of  the  middle  of 
le  upper  edges  of  the  plates.  The  connecting  strip  to  be  seen 
n  the  left  is  melted  on  to  projections  from  the  corners  of  the 
Lates,  consequendy  they  can  be  readily  lifted  out  of  the  cell,  with- 
ui  necessitating  the  removal  of  the  negative  plates.  The  con- 
lining  vessels  are  best  made  of  stout  glass,  an  opjtortunity  being 
Ins  afforded  for  the  proper  inspection  of  the  cell  without  taking 
to  pieces  or  removing  the  plates.  Tlie  upper  portion  of  the 
uter  surface  of  the  glass  vessel  should  be  coated  with  wax,  vase- 
ne,  or  some  such  material,  to  prevent  'creeping'  and  escape  of 
lie  current  by  way  of  the  moisture  that  would  otherwise  condense 
'Vcr  the  whole  of  the  external  surface.  To  further  ensure  good  in- 
itiation, the  cell  should  be  placed  on  a  varnished  wooden  tray  or  on 
wotriangularpiccesofwood  supported  by  insulatorsof  the  so-called 
lushroom  pattern  illustrated  in  fig.  243.  A  sectional  view  of  the  - 
asulator  is  also  given  in  dg.  244.  The  ciiannel  in  the  lower  cup 
ontains  a  quantity  of  resin  oil  or  of  some  other  non -evaporating 
lil,  in  which  the  upper  cup,  coated  with  shellac  varnish,  rests. 
kimetimes,  however,  the  cells  are  simply  supported  on  shelving  made 
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of  three  or  four  strips  of  triangular  wood.  The  ccUa  should 
lie  quite  in  contact,  but  tolerably  close  togetlier,  and  the  cnnr 
lions  made  by  clamping  the  lead  strips  of  adjacent  celb  fir 
lo^elluT— ihL-  posilive  pole  of  one  ccH  to  thi'  n-'^T-.-e  ''■'. 


next,  and  so  on.    Tin.'  positive  poles  should  be  painted  red  for 
purpose  of  distinction.     All  leading  wires  should  be  as  short  . 
of  as  low  resistanLc  as  possible,  so  as  to  avoid  unnecessar,-  w 
of  energy  in  overcoming  the  resistance  of  the  connections. 
y'v^.  245  illustrates  a  very  useful  form  of  cell  specially  1: 


slructed  for  tnm  lij^hting      It  is  enclosed,  like  other  c 
cells  intended  for  ship  lighting,  carriage  lighting,  &c.,  inatcUtbo 
and  contains,  to  suit  diflerent  requirements,  cither  r" 
plates  separated  In  celluloid  forks    Sometimes,  in  order  tc 
avoid  the  risk  of  tuntact  and  short-circuiting  between  iuij*a 


Types  of  Cell 

I  pcrforaied  celluloid  sheets  are  inieiposed  between 
i.Connection  between  adjacent  cells  is  of  course  made  ex- 
\  rods  attached  to  the  connecting  strips  passing  through 
(vers  for  the  purpose.  Connecting  rings  fit  on  to  these  rods, 
gh  slots  in  which  wedges  are  driven  to  secure  good  electrical 
CI,  the  rings  being  joined  together  by  stout  wires  or  rods, 
heated  in  the  figure.  Cells  are  also  made  specially  for  tratn- 
nving.  these  being  constructed  as  hght  as  they  practically  can 
id  enclosed  in  teak  or  ebonite  boxes.  They  are  made  in 
lifferent  sizes  containing  as  many  different  numbers  of  plates, 
few  details  concerning  some  of  these  various  types  of  cells 
oubtless  prove  of  service.  In  the  subjoined  table,  L  indicates 
ntended  for  general,  C  for  railway  carriage,  and  T  for  ti 
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fissrs.  Elwell  Parlter  also  manufacture  a  very  useful  form  of 
idary  cell,  the  main  principles  of  which,  however,  are  similar 
)se  involved  in  the  constniction  of  the  cell  just  described. 
of  these  cells  are  shown  in  fig.  246.  The  distinguishing 
res  consist  in  the  construction  of  the  grids,  and  the  method 
pporling  the  plates.  The  grids  are  made  of  an  alloy  which 
d  to  be  considerably  stronger  than  the  material  formerly 
1,  and  to  be  practically  inoxidisable  in  the  sulphuric  acid 
The  holes  in  the  grids  are  '  burred '  over,  by  3  process 
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^H' patented  by  Messrs.  Drake  and  Gorham,  so  as  to  form  *  lips' whii 
^^K«ssJst  in  keeping  the  pellets  of  oxide  in  their  places.  Tbe  pbt 
^^V  ere  ingeniously  supported  and  kept  in  position  by  means  of  row 
^"  projections  which  fit  into  parallel  rows  of  holes  pcribtaleii  in  sUI 
of  ebonite,  as  shown  in  the  figure-  This  is  a  detail,  bul  it  is 
feature  of  some  importance.  In  an  earlier  fomi  of  cell,  the  leadfl 
^^  pins  were  all  in  one  line,  so  that  should  any  conducting  material  ^ 
^L  into  the  cell  it  might  drop  across  them  and  cause  short 
^H  To  eflcctually  prevent  contact  between  adjacent  plates.  snuB 
^H  elionite  'fiwks'  are  placed  betncen  them,  and  the  set  of  pbiE 

supported  on  blocks  of  jaraffincd  wood  to  keep  them  clear  of  tk 
bottom  of  the  cell. 

While  it  is  essential  that  great  care  should  be  exercised  in  ihe 
manufacture  of  secondary  cells,  the  treatment  to  which  theyaie 
subjected  is  also  a  matter  of  great  importance. 

The  charging  current  should  be  proportional  to  the  number 
of  plates,  and,  for  the  size  of  cell  used  for  lighting  purpose^ 
should  be  equal  to  about  4  amperes  per  positive  plate,  so  that  the 
15-pIale  cell  requires  24  to  30  amperes.  When  the  cum 
tliis  amount,  it  cannot  increase  the  reduction  of  the  sulphate  of 
lead  in  proportion  to  the  extra  amount  of  current,  and  the  surplm 
current  is  therefore  wasted  in  the  decomposition  of  water  and  iho 
tremature  evolution  of  bubbles  of  oxygen  gas  from  the  positive 
a  phenomenon  which  is  technically  known  a£  boiling.    There 
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tbc  loo-powcrfttl  cuEreni  ariiEl  ctuse  heading  ct 
ates,  which,  beiqg  vof  doec  toect**"^  ««««l  » 
iluDg  contact  oat  witb  tbe  ochet,  xod  9»  sbort- 
,     Precaution  has  Hso  lo  be  taken  that  the 
£  of  tbe  dutgii^  current  sbooM  exceed  dm  of 
fhaiEi'ng  cuiTcnt  by  about  lo  pa  cwit,  c*  he 
im  a-5  volts  per  cell,  bdi^  ho«wcwf,  a  lotlc 
tan  when  approaching  tbe  catnplctiati  of  tbe 
ging  should  be  continued  until  the  soJolioo 
pearance,  consequent  on  the  evolotion  of  fire 
:  plates  having  then  absorbed  as  much  ot  tbe 
Ice  up.     The  jim.f.  of  a  secondan-  cell  rises, 
irmly,  with  the  continuance  of  the  cbaigh^ 

important  experiments,  perfonned  by  Klessrs. 
1  with  a  battery  of  15  cells,  a  cuirent  of  la 
yed,  by  which  the  e.m.f.  was  raised  from  j-oa 
,L    The  variations  in  the  rate  of  increase  are 
mo  which  it  will  be  seen  that  after  aao  ampcre- 
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considered  to  be  very  injurious  to  charge  the  Intiet)'  to  an  li 
exceeding  about  225  volts  per  cell,  it  being  thought  thai  chu; 
beyond  this  point,  or  overcharging  as  it  was  called,  was  tttpoM 
for  the  remarkable  tendency  of  the  plates  to  buckle  or  t«ia 
of  shape,  and  so  to  loosen  and  detach  the  pellets.  This,  H 
supposed,  was  brought  about  by  the  freed  o\ygen  destroying 
grid.  It  has,  however,  been  conclusively  proved  ihai  ovefcliai] 
is  not  only  harmless,  but  actually  beneficial.  In  the  eiiwritw 
previously  referred  to,  some  cells  were  charged  wiiboui  o 
in  order  to  ascertain  the  exact  amount  of  current  nectssmj 
destroy  the  grid.  It  was  soon  evident  that  the  process  1 
any  rate,  a  slow  one  ;  but  the  experiment  was  continued,  uneil 
full  prescribed  current  had  been  passed  through,  for  more  d 
two  months.  At  the  end  of  thai  time  it  was  found  thai  thel 
conductor  was  practically  as  sound  as  before  charging 
coaling  of  fine  peroxide  formed  on  the  surface  was  veiy  tl 
there  was  no  sign  whateter  of  buckling,  and,  further,  the  spo 
gravity  of  the  solution,  when  ihe  cells  were  left  in  ibcii  then  (a 
charged  condition,  remained  absolutely  unaltered.  The  a 
sion  thence  drawn  was  that  the  oxidisation  of  the  grid  caiisoil 
charging  only  penetrated  to  a  very  limited  depth,  and  then  m 
entirely,  and  that  the  coating  of  fine  peroxide  formed,  aclia 
protected  the  grid  not  only  from  deterioration  by  0 
but  also  from  local  action,  hitherto  supposed  to  be  unavaidal 
It  was,  then,  established  that  the  hfe  of  the  grids  'nas  not  prop 
tional  to  the  amount  of  charging,  t'e.,  to  the  number  of  k. 
hours  put  into  a  cell.  We  shall  return  to  this  question  pressnl 
but  it  is  necessary  now  to  enlarge  upon  the  precautions  to 
adopted  in  the  process  of  charging. 

The  solution,  prior  to  charging,  should  be  put  in  the  ce! 
the  height  of  about  \  an  inch  above  the  negative  plates,  ll  (li 
contain  about  20  per  cent,  of  pure  sulphuric  acid,  and  haw 
specific  gravity  of  i  "i  70  (that  is,  if  a  given  volume  of  water  w 
say  I  pound,  the  weight  of  an  equal  volume  of  the  solution  sh 
be  I  ■  1 70  pounds) ;  but  it  will  be  seen  from  the  equations  alna 
given  iliat  some  of  the  water  in  the  cell  is  changed  to  sulpha 
acid,  and  causes  the  proportion  of  the  latter  to  rise  to  about 
increasing  the  specific  gravity  to  about  1 


Hydrometers 

sulphuric  acid,  which  is,  however,  lost  on  recharging 
ies  the  conductivity  of  the  liquid  about  lo  per  cent. 
lument  for  measuring  the  specific  gravity  of  the  acid 
Wnaes,  therefore,  a  necessity.  Such  a  piece  of  apparatus 
tydromeler,  or,  foe  this  special  „.„  „ 
Uometer,  a  useful  form  being 
in  fig.  248,  which  is  simply  a 
ireighled  at  the  bottom  with  a 
'  small  shot.  The  lower  the 
Tity  of  the  solution,  that  is  to 
Iter  it  becomes  bulk  for  bulk, 
■will  the  hydrometer  be  im- 
Ithe  liquid  increases  in  density 
(ent  becomes  relatively  lighter 
tare  rises.  Consequently,  the 
1  tube  can  be  made  to  indicate 
density  concsponding  with  the 
Bis  to  which  the  tube  descends. 
Qr  useful  form  is  lliat  known  as 
tometer  (fig.  249),  which  con- 
"  ittened  glass  tube  with  the 
:nl  over  so  as  to  allow  it  lo 
edge  of  the  glass  conLaining- 
ibe  being  also  perforated  to 
free  circulation  of  the  solu- 
the  tube  are  four  small  glass 
itaining  liquids  of  different 
ities  and  different  colours ; 
rises  or  falls  at  a  distinct 
rity,  and  allows  thereby  the 
relative  density  of  the  solu- 

readily  observed. 
he  discharge  the  density  of 
falls  until,  when  the  cell  is 
Xhausted,  it  is  only  1-150.  The  relative  density  of 
thus  affords  an  excellent  means  of  ascertaining  the 
the  cell, 
br  of  the  plates  affords  another  good  indication  of 
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their  quality,  the  peroxidised  positive  pUtc  being  of  abcowni^M 
deep-reddish  hue,  and  the  negative  or  spongy  lead  plaie  \, 
coloured  grey  or  slate  lint.     There  is  thus  a  marked  disiinciii^ 
in  the  colouration,  which  should  always  be  discernible. 

Durinj^  the  discharge  the  e.m.f.  of  the  cells  sgicedilyMia 
about  Iwo  volts  each,  the  higher  initial  electro- motive  force  bi 
no  doubl,  mainly  due  to  the  presence  of  hydrogen  on  the  s[ 
lead  piate.     When  this  has  been  oxidised  there  remains  the  la 
surface  between  which  and  the  peroxide  plate  iheelectii 
force  falls  very  slowly  to  about  i  '98  volt.    The  fall  is  then  si 
faster,  although  after  an  output  of  400  amjwre- hours  at  the  ratef 
25  amperes,  the  total  drop  from  the  time  that  the  cell  settlesda 
to  steady  work  at  102  volts,  is  only  about  ten  per  cent.  Them 
at  which  the  fall  of  e.m,f.  takes  place  is  clearly  shot 
instructive  curve  given  in  fig.  250,  determined  experimentaBjbfl 
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Messrs.  Drake  and  Gorham.     The  discharge  was  continued,  W-i 
ever,  until  the  E.M.F.  was  only  1 -go  volt  iK;r  cell,  which  is  a  pc 
about  o'l  lower  than  it  is  practically  advisable  to  go.    WiihiB 
fall  to  I -90  volt  the  difference  is  only  about  5  per  cent 

In  an  experiment  performed  to  ascertain  the  effect  upon  i 
plates  of  a  rapid  discharge  a  battery  was  divided  into  two  hah^ 
one  of  which  (a)  was  repeatedly  run  out,  but  ihe  other  (b)  in 
discharged  beyond  the  point  at  which  the  E,M.f.  coinmencal  (^ 
drop.     The  experiment  extended  over  a  considerable  I 
gave  the  instructive  result  that  when  exactly  the  same  iiumbfll 
of  ampere-hours  had  been  taVen  out  of  eacb  half,  the  pbu 

(a)  showed  signs  of  expansion  or  growing,  whereas  i 

(b)  no  change   could   be   detected.     The  life  of  the  grid  « 
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iherefore  proved  to  be  dependent  not  on  the  amount  of  ampere- 
liours  uken  out,  or  on  the  work  done,  but  on  tbe  treatment  of 
^e  plates. 

By  the  time  the  e.m.f.  has  dropped  to  I'go  volt  the  greater 
portion  of  the  surfaces  will  have  resumed  the  condition  of  lead 
sulphate  (PbSOj),  and  there  will  then  be  considerable  risk  of  the 
foriuation  of  a  more  oltdurate  form  of  sulphate,  Pb^SOs,  caused 
probably  by  the  PbSO(  combining  with  the  monoxide.  This 
hard  white  sulphate  is  very  troublesome.  It  is  insoluble,  non- 
conducting, and  very  adhesive.  When  it  falls  off  the  plate  it 
generally  carries  with  it  some  of  the  active  material,  which  is 
therefore  wasted.  It  is  consequently  highly  Important  that  the 
E.M.F.  of  the  cells  should  be  tested  periodically  with  a  special 
low-reading  voltmeter.  Two  or  three  of  these  instruments  were 
described  in  Chapter  VI. 

The  experiments  further  showed  that  buckling  was  almost  in- 
variably accompanied  by  the  formation  of  the  hard  sulpliate  on  the 
lace  of  the  plates,  and  that  this  enamelling  could  be  prevented  by 
charging,  and  was  not  due  to  impurities  in  the  oxides  or  acid  used ; 
further,  that  when  the  plates  were  free  from  sulphate  there  was  no 
tendency  to  buckle.  In  the  case  of  the  first  use  of  cells,  when 
the  acid  was  first  put  in,  the  specitic  gravity  dropped  in  spite  of 
the  charging,  indicating  the  formation  of  sulphate  ;  by  persevering 
In  charging  the  sulphate  disappeared,  and  with  it  the  tendency  to 
luckle.  It  is,  therefore,  evident,  as  already  slated,  that  in  order  to 
void  buckling  of  the  peroxide  plates,  cells  on  their  first  use 
•rheiher  new  or  after  long  disuse)  should  be  charged  incessantly 
mtil  they  are  considerably  overcharged. 

It  has  been  ascertained  that  in  almost  every  case  where  abnor- 
nal  disintegration  lakes  place  the  plugs  of  active  material  fall  out 
»f  the  plates  in  complete  halves  and  in  very  hard  condition  ;  and 
.nalysis  has  shown  tliat  they  contain  an  excess  of  sulphate,  due  to 
nsufQcient  charging.  On  the  other  hand,  in  a  few  instances  the 
Lctive  material  has  been  found  to  have  become  disintegrated  and 
alien  off  in  a  fine  powder,  and  this  was  specially  observable  when 
>n  account  of  a  leak  in  the  containing- vessel  and  consequent  fre- 
quent addition  of  water,  the  solution  liad  become  extremely  weak. 
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In  this  case  practically  no  sulphate  was  present,  and  iJie  a 
simply  lost  coliesiveness. 

It  would  seem,  then,  that  a  certain  proportion  of  sulphate  i 
the  material  is  necessary  to  bind  together,  but  that  excess  musi 
avoided. 

Buckling  appears  to  be  due  to  the  expansion   of  the  p 
during  sulphating,  for  lead,  being  a  very  ductUe  but  non-eli 
body,  docs  not  re-assume  its  proper  shape  when  the  subsequo 
partial  contraction  of  the  paste  takes  place,  and  to  this  must  ill 
be  attributed  the  loosening  of  the  pellets.     The  c 
but  partial,  the  positive  plates  become  gradually  incre^ed  in  a 
with  continued  use. 

The  electrolytic  effect  of  the  oxygen  upon  the  lead  grid,  ill 
as  it  is,  is  to  render  it  more  or  less  brittle,  whence  the  bars  oa 
and  split,  and  the  plate  is  then  practically  worn  out.  Owing  to  I 
stretching  effect  of  the  paste,  it  is  necessary  that  the  grid  should  I 
of  equal  strength  throughout,  and  not  made  stronger  in  one  di 
tion  than  in  another. 

Mr.  Reckenzaun  has  found  that  a  positive  plate  which  h 
when  new  a  surface  of  90  square  inches,  grew  to  9476  inc 
after  one  year's  daily  use,  while  others  showed  when  almost  w 
out  an  increase  from  90  to  97  square  inches ;  these  n 
being  simply  the  product  of  the  length  into  the  breadth  of  1 
plate,  and  independent  of  corroded  or  oxidised  furrows. 
actual  amount  of  surface  in  contact  with  the  liquid  is  considciat 
greater  llian  these  figures  would  indicate,  owing  to  the  irregularili 
produced  by  the  solution.  The  life  of  a  positive  plate  is  oot,h( 
ever,  so  brief  as  might  be  anticipated  from  the  many  Utile  di 
culties  which  beset  it,  for  with  fair  and  continuous  usage  its  pen 
of  durability  amounts  to  about  three  years.  The  decay  of  I 
plate  is  more  rapid  in  the  lower  than  in  the  upper  half^  o 
probably  to  the  greater  density  of  the  acid  solution  in  that  porlic 
of  the  cell.  The  life  of  a  negative  plate,  which  is  subject  to  1 
few  of  the  troubles  attending  the  positive  plate,  has  been  cstinu: 
at  ten  years,  although  it  remains  for  time  to  demonstrate  ibetf 
or  otherwise  of  this  cafculation. 

5-plate  cell  is  capable  of  yielding  a  current  ranging  fr 
J  ampere  or  less  to  about  30  amperes,  or  at  the  maximum  rate 
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,  amperes  per  positive  plate.  The  discharging  current  may 
le  even  a  Htlle  higher  than  the  maximum  used  in  charging.  It 
hould  not,  however,  exceed  it  by  more  than  aliout  10  per  cent., 
•therwise  the  subsequent  efficiency  of  the  cell  will,  as  already 
hown,  be  seriously  imperilled.  Of  course,  the  total  output  cannot 
Exceed  or  even  equal  the  amount  of  energy  put  in. 

When  the  rate  of  di.'wharge  is  too  great,  there  is  considerable 
isk  of  causing  unequal  expansion  of  the  plates,  resulting  sooneror 
ater  in  buckling,  loosening  of  the  pellets,  and  short-circuiting.  It 
S  impossible  to  prevent  a  certain  amount  of  the  obdurate  sul- 
ihate  forming,  and  this  being  an  insulator  reduces  the  available 
ictivc  surface  and  increases  the  resistance  of  the  cell.  As  already 
indicated,  considerable  difficulty  is  experienced  in  removing  this 
(ulphate,  and  under  any  circumstances  a  certain  amount  of  dis- 
btegcation  of  the  peroxide  is  sure  to  ensue. 

But  experiments  have  been  performed  which  tend  to  show  that 
irith  a  considerable  increase  in  the  charging  e.m.f.  the  sulphate 
lan  be  decomposed.  Its  formation  can  be  to  some  extent  pre- 
rented,  by  the  addition  of  a  small  percentage  of  sodium  sulphate 
[Na,SO,). 

If  the  cells  are  discharged  and  then  left  to  stand  idle  for  any 
length  of  time,  the  sulphating  takes  place  rapidly,  and  causes  pre- 
iiature  buckling. 

The  capacity  of  a  cell  may  be  defined  as  the  amount  of  energy 
it  is  capable  of  storing,  and  is  calculated  generally  in  ampere-hours, 
that  is  to  say,  it  is  the  product  of  the  number  of  amperes  at  which 
the  cell  is  able  to  discharge,  into  the  number  of  hours  through 
«rhich  it  can  maintain  that  dischai^e.  Capacity  is  also  estimated 
by  the  ratio  between  the  weight  of  the  material  and  the  electrical 
output.  Thus  the  ordinary  form  of  cells  yields  about  four  ampere- 
hours  per  [)ound  of  plates  complete,  while,  it  is  said,  the  best 
fonn  of  Plants  cells  only  yields  about  one-half  as  much.  The 
amount  of  surface  exposed  to  the  solution  really  determines  the 
charge  which  a  cell  can  receive,  and  is  therefore  a  measure  of 
its  capacity. 

The  capacity  of  a  cell  is  an  important  consideration,  seeing 
that  the  prime  cost  is  considerable,  that  the  cell  is  bulky  and  there- 
fore requires  correspondingly  ample  accommodation,  and  that  at 


required,  while  the  former  frequently  receives  its  charge  gradtuBfJ 
or  even  in  term!  Hen  tly  as  opportunity  arises,  whereas  il 
discliarge  often  approaches  the  highest  possible,  and  frequei«l|B 
exceeds  the  charging  rate,  when,  of  course,  the  duration  of  ihe^ 
discharge  is  considerably  shorter  than  that  of  the  charge. 

No  belter  illustration  of  the  value  of  secondary  cells  a 
means  of  storing  electrical  energy  can  be  alTorded  than  ti 
referred  to  by  Mr,  Preece  in  a  lecture  before  the  Society  of  A; 
He  said:  'On  March  30  my  gas-engine  broke  down,  I  qi 
forgot  to  give  nolice  to  the  makers  to  send  down  men  to  lef 
it  until  six  days  had  eLipsed.  It  took  live  more  days  to  re[ 
the  engine,  so  that  for  eleven  days  I  had  not  been  able  to 
charge  the  cells  ;  but  during  all  these  days  the  light  never  M 
and  we  were  not  in  any  way  inconvenienced.  The  useful  capai 
of  my  cells  is  330  ami  k.' re-hours,  ""^  ""y  n'ghily  consumpiien 
now  about  30  ampere-bours  This  was  a  very  good  lest  of  f 
efficiency  of  the  cells,  for  I  obtained  from  thera  nearly  all  i 
energy  they  could  usefully  give.  Only  two  cells  were  really  t 
hausied  during  this  time,  but  as  1  had  two  spare  cells  to  rejdK 
them,  their  exhaustion  did  not  cause  me  any  ini 
The  E.H,F.  fell  to  iS  per  cell,  and  the  hght  in  consequence* 
not  so  brilliant  as  u.sual.  A  good  practical  test  of  the  effiden 
of  a  battery  like  this  is  liettcr  than  any  isolated  tests  on  sirj 
cells."  Il  will  thus  be  seen  that  the  use  of  a  secondary  Ix 
reduces  considerably  the  risk  of  a  total  stoppage  resulting  &« 
the  breakdown  of  the  engine  or  other  part  of  the  machinery. 

Secondary  cells  have  also  the  advantage  thai,  where  ihcj  a 
used  in  sufficient  numbers  to  maintain  the  ordinary  number  ( 
lamps,  they  can,  on  emergency,  be  used  to  considerably  incieai 
the  lota!  amount  of  current  supplied.  For  example,  suppose  ill 
dynamo  to  be  able  to  generate  the  same  amount  of  current  1 
the  secondaries,  the  latter  can  be  charged  during  the  day,  1 
both  dynamo  and  battery  employed  independently  for  lighliiij 
purposes  in  the  evening. 

The  battery  is  very  useful  as  a  r^ulator  for  maintaining  a  con- 
stant  potential   dilTerence  on  a  variable  circuit  which  is  lieingj 
worked  by  a  dynamo  machine. 
L         For  such  work,  the  battery  is  joined  up  across  the  temiirwls  t( 
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joain  circuit.  ^Vhen  the  current  exceeds  a  certain  prescribed  limit. 
Sic  soft  iron  core  is  attracted,  and  a.  horizontal  spring  attached  to  it 
rompletes  a  local  circuit,  causing  one  of  the  cells  to  send  a  current 

:  ■  lugh  an  ordinary  electric  trembling  bell. 
1  n  addition  to  these,  there  are  many  other  pieces  of  apparatus, 

.  vnjous  in  their  way,  and  useful  for  special  purposes,  which  we 
ii'-c-d  scarcely  describe,  although  some  of  them  will  l)e  referred 
to  in  the  closing  chapter 
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CHAPTER   XV, 

ARC   LAMPS. 

Until  within  the  last  few  years  electric  lighting  was,  eseepl  i 
the  iaboralorj".  only  pcrfonned  by  the  agency  of  the  electric  are, 
development  of  the  classical  experiment  made  by  Davy  in  181^ 
when  he  employed  2,000  primary  cells  of  a  verj-  etude  l>-pe,  whii 
he  connected  to  two  pieces  of  light  wood  charcoal  aba 
an  inch  long  and  one-sixth  of  an  inch  in  diameter.  WTicn  the 
'were  brought  near  each  other,  (within  the  thirtieth  or  foitif 
part  of  an  inch),  a  Ijright  spark  was  produced,  and  mo 
the  volume  of  the  charcoal  became  ignited  to  whiteness  ;  and,  I 
withdrawing  the  points  from  each  other  a  constant  disclurge  to 
place  through  the  heated  air  in  a  space  equal  at  least  to  fc 
mches,  producing  a  most  brilliant  ascending  arch  of  light,  bn 
and  conical  in  form  in  the  middle.'  When  any  substance  1 
introduced  into  the  arc  produced  by  this  battery  '  it  became  i 
candescent :  platinum  melted  like  wax  in  the  fl-ime  of  a  candl; 
snpphire,  magnesia,  lime,  and  the  most  refractory  substances  n) 
fused.  Fragments  of  diamond  and  granite  rapidly  disappcart 
without  undergoing  any  previous  fusion.'  The  arched  form  la 
by  the  luminous  particles  of  carbon,  resulted  from  the  upi 
rush  of  the  subjacent  heated  air.  Were  the  carbons  placed  vert 
cally,  the  particles  would  be  disposed  more  symmetrically,  a 
bear  little  or  no  resemblance  to  an  arcb.  The  term  arch,  i 
its  abbreviated  form,  arc,  is,  however,  retained  as  the  name  of  li 
luminous  space  between  the  carbons. 

The  electric  arc  can  be  reproduced  by  placing  in  dec 
contact  two  pieces  of  carbon,  either  of  the  gas-retorl  or  of  the  p 
pared  type,  these  forming  the  electrodes  of  a  battery  of  twenty-i 
or  more  Grove  or  other  cells  of  a  similar  E-M.F.,  and  thendiawi 


The  Electric  Arc 

Cbe  carbons  ai^rt  for  a  short  distance.     The  electro- motive  force 

^^f  surh  a  baitery  is  altogether  inadequate  to  cause  a  spark  to  dart 
across  even  the  shortest  air  space.  When,  however,  these  rods  are 
*Kiade  to  touch,  a  current  is  initiated,  the  particles  in  contact  are 
imined  lately  heated,  and  on  separating  the  contact -surfaces,  mole- 
*^v»lar  disintegration  and  volatilisation  take  place  and  the  air  space 
is   impregnated  with  so  great  a  quantity  of  carbon  particles  raised 
t*y  the  current  to  a  state  of  incandescence,  that  the  resistance  of  the 
^pKice  is  so  far  reduced  as  to  allow  the  current  to  be  maintained. 
I'hc  initiation  of  the  arc  is  assisted  by  the  momentary  mcrease  in 
*  He  current  due  toself-inductioninthccircuit  when  the  carbons  are 
*>»^I«rated.     The  distance  to  which  the  carbons  can  be  separated 
"^vitliout  absolutely  disconnecting  the  circuit  and  so  causing  the 
^  re  to  be  broken,  depends  upon  the  e,m.f.  of  the  battery,  and  can 
therefore,  within   certain  limits,  be  increased  by  increasing  the 
Outnber  of  cells,  or  the  potential  difference  at  the  dynamo  terminals. 
The  maintenance  of  tlie  ends  of  the  carbon  rods  in  a  stale  of 
incandescence  also  involves  a  certain  amount  of  consumption  by 
<irdinary  combustion,  some  of  the  parti- 
cles uriiting   chemically   with    the   con- 
stituents   of  the   atmosphere,    although 
the    products  of  combustion  are  very 
rnuch  smaller   in  quantity  and  far  less 
harmful  than  those  derived  from  a  gas, 
oil,  or  candle  flame.     The  two  rods  are 
»iot,  however,  consumed  at  equal  rates, 
ihe  consumption  of  the  rod  connected  to 
tjie  positive  [xiie  of  the  dynamo  or  bat- 
tery, and  called,  therefore,   the  positive 
•arbon,    being    approximately    twice    as 
much  as  that  of  the  other  or  negative 
«arbon  ;  but  this  must  not  be  taken  as 
■being  invariably  correct.     One  very  in- 
teresting and  important  feature  in  con- 
nection   with    the    electric    arc    is    the 
difference  of  formation  given  to  the  carbon 
positive  rod  becomes  in  a  short  time  (see  fig 
iQiroewhat  conical  form,  the  apex  of  the  cone  being,  however,  absent, 


I 

I 
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blended  logcllier.  These  colours  are  red,  orange,  yellow,  pei;[^. 
blue^  indi;;o,  and  violet,  and  it  Is  by  the  simultaneous  Kceptioc 
these  rays,  in  certain  definite  proportions,  by  the  ojrtic  nenes,  tli 
tlic  sensation  of  white  light  is  convejed  to  the  brain.  The gc 
tally  accepted  theory  which  endeavours  to  explain  the  manna 
in  which  a  beam  of  light  is  propagated,  is  based  on  the  -. 
that  all  interstellar  space,  and  likewise  the  space  b> 
minute  particles  of  all  material  bodies,  is  pervaded  by  that  m] 
terious  medium  already  referred  to  as  ether. 

A  body  may  l>e  said  to  be  a  luminous  substance  when 
source  of  light-rays,  such  as  the  sun  or  a  candle  tlame.  Nov  the 
luminosity  of  a  body  is  ascribed  to  an  almost  intiniiely  nqiid 
vibration  of  its  molecules  ;  this  vibratory  motion  is  communicattd 
lo  the  ether  particles  pervading  and  enveloping  the  substance,  and 
is  propagated  in  all  directions  in  the  form  of  spherical  nave- 
motions.  The  colour  of  the  ray  varies  with  or  ts  determined  bj 
the  rate  of  vibration.  The  velocity  with  which  light  travels  b 
about  186,000  miles  per  second,  and  it  has  been  calculated  ibt 
the  length  of  a  wave  of  the  extreme  red  end  of  the  spectrum 
(that  is  to  say,  of  a  luminous  ray  having  the  lowest  rale  of  \-ihra- 
tion),  is  such  that  39,000  such  waves,  placed  end  lo  end,  woulti 
cover  only  one  inch,  while  64,631  of  the  extreme  violet  warn 
would  be  required  to  span  the  same  distance.  It  follows  that  in 
one  second,  464  millions  of  millions  of  red  waves,  and  b-i 
millions  of  millions  of  violet  waves,  enter  the  eye  and  strike  tic 
optic  nerves. 

If  a  beam  of  solar  light  (s,  fig.  253)  is  allowed  to  pass  ihrougli. 
hole  in  the  shutter  or  wall  of  an  otherwise  absolutely  dark  room, ' 
will  illuminate  a  small  section  of  the  Roor,  k,  but  if 
wedge-shaped  piece  of  glass  (p)  is  placed  in  the  track  of 
beam  of  light,  after  the  manner  shown  in  the  diagram,  ihe  * 
will  be  diverted  and  the  rays  separated ;  on  emerging  and 
allowed  to  fall  upon  the  screen,  h,  or  even  on  the  wall  of  the 
it  will  be  found  to  consist  of  the  seven  colours  above  enumeratei 
This  many-coloured  band  of  light  is  generally  referred  to  as  the 
spectrum. 

If  the  beam  is  not  of  a  pure  white  colour,  the  impurity 
irregularity  may  be  due  to  the  chemical  constitution  of  the 


r  light,  or  to  varying  degrees  of  luminosity.     For  example,  if  a  ] 

I  from  a  red-hot  substance  is  allowed  to  fall  upon  the  prism,'  I 

mpoiition  or  se[)araiion  of  Ilie  rnys  will  nut  result  in  the  | 

lation  of   the 

coloured 

I,  those  near 

violet     end 

sped  rum 

absent    on 


»unt     of     the 

being 


rcfroni  wHlI  consequently  vary,  while,  on  the 

T  hand,  if  it  is  raised  at  different  times  to  the  same  tempcra- 

ind  therefore  to  the  same  degree  of  luminosity,  the  spectra 

ained  will  be  identically  the  same  in  each  case.     Now  it  has 

led  that  thi3  spectra  of  the  white  light  emitted  by 

i  in<:andescent  crater  of  the  positive  carbon  are  always  identi- 

'  the  same,  that  in  fact  the  same  proportion   between  the 

pious  coloured  bands  is  always  evidenced,  whence  it  is  at  once 

(duced  that  the  temperature  of  that  portion  of  the  arc  is  always 

1  to  the  same  point.     This  constitutes  one  great  reason  for 

[iting  the  proposition  that  the  transference  of  carbon  particles 

n  the  positive  to  the  negative  rod,  is  caused  by  a  volatilisation 

I  the  former  and  a  resolidification  at  the  latter  ;  for,  so  far  as 

ment  has  hitherto  led  us,  there  is  for  a  given  material,  a 

istant  critical  point  of  temperature  at  which  a  change  from  the 

"  i  lo  liquid  or  to  the  gaseous  state  ensues,  and,  the  most  i 

int  point  of  ail,  this  temperature  is  not  any  further  increased 
jtil  Ihe  whole  of  the  solid  body  has  been  so  changed.  It  *  " 
t  evident  that  the  admixture  with  the  carbon  of  any  foreign 
Biy  (all  such  bodies  having  a  lower  critical  point  of  temperature 
arbon})  must  lower  the  temperature  at  which  volatihsation 
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ensues,  and  therefore  reduce  the  luminosity  of  the  cn!«,  MoR- 
over,  when  a  body  is  transfomied  from  the  solid  to  the  liqiadv 
gaseous  state,  a  certain  amount  of  heat,  known  as  the  blent  heO,  Ir 
absorbed  in  the  process.  Thus  one  pound  of  tee  at  ihe  freoi^ 
temperature  absorbs  about  as  much  heat  during  its  cnnrmitB 
into  water  at  the  same  temperature,  as  would  suffice  to  nist  te 
same  mass  of  water  from  the  freezing  temp)eratufe  to  So°C| 
whence  the  latent  heat  of  water  is  said  to  be  So"  C  On  lil 
other  hand,  when  a  liquid  is  solidified  a  corresponding  toud 
of  heat  is  given  out  during  the  change.  Thus  one  pound  of  «ai 
at  the  freezing  temperature  in  being  converted  into  ice,  givaoi 
as  much  heat  as  would  raise  the  temperature  of  the  same  muil 
80"  C  Returning  then  to  the  electric  arc,  if  the  positive  caitia 
is  more  or  less  volatilised,  a  certain  quantity  of  heal  isabsnti 
in  bringing  about  the  change,  whence,  on  the  carbon  beingia 
lidified  on  the  negative  rod,  a  corresponding  quantity  of  kcil 
evolved. 

These  reactions  have  been  made  to  account  for  a  vaj  1 
markablc  phenomenon  pertaining  to  the  electric  arc  It  bs  ba 
found  that  when  the  arc  is  established  a  back  or  counter  ElF. 
set  up  amounting  to  nearly  39  volts.  This  effect  is  souiewi 
analogous  to  that  accounting  for  the  reaction  which  is  sS  ■ 
when  a  current  is  sent  through  a  voUameter,  and  which  na ' 
entered  into  in  the  preceding  chapter.  The  effect  is  also  pj 
to  that  remarkable  feature  in  the  action  of  electric  motors,  vii 
counter  km,f.  which  is  set  up  by  the  armature  when  it  is  a 
to  revolve  in  an  established  electro -magnetic  field.  Infect,! 
phenomenon  affords  a  new  demonstration  of  the  law  th«I  c 
action  brought  about  by  any  force,  sets  up  a  re-iction  or  wM 
force. 

The  theory  of  the  existence  of  this  counter  k.m.f.  dooH 
however,  depend  solely  upon  the  assumed  volatilisation  «A  * 
solidification  of  the  carbon  particles.  It  is  a  matter  of  gfl*" 
knowledge,  and  one  which  has  given  rise  to  many  diffetent  M 
jectures,  that  the  apparent  resistance  of  the  arc  does  not  iw« 
proportionally  with  the  distance  between  the  rods.   The  resisM* 

n  arc  of  one-tenth  of  an  inch  appears,  in  fact,  to  be  nod*" 
like  double  that  of  an  arc  of  one-twentieth  of  an  inch.    If,!" 


■^  pmicles,  were  ax  oBfj-  e 
^^stances  in  these  a 
experiments  hawe  be^  m^c  ■■ 
^lectro-mooie  fanx  !«■(  dte 
'^l  strength  amsun^  «iA  *c 
'le  counter  EJtr-  of  39  wfe^  « 
i>  as  we  shuold  apect,  wied  pa 
e  arc,  and  aSbnln^  Oxmbf  x  4 
^fKe  of  the  o 


He  great  practkal  lessoa  v>  be  doiwd  faH  a  kMriedIpe  of 
'Beciis  thattheEji.r.rfihf  riP^-i^rfcit— J^^jh 
kmp  must  always  ewad  39  voiB,  e 
n^  in  just  the  same  m 

tnusi  \}e  emplojred  to  rtw^rgyfT  waUf.  It  a  ■  faa  bbI 
ovide  an  E.M.r  of  between  44  nd  50  voks  far  each  haf^ 
■^tual  or  net  resistance  of  AeaiciBd(  As  B,  of  tbens^s 
ating  the  cartmm  when  tbe^  ue  in  ite  aocml  poataoa  for 
ng.  or  at  a  distance  of  aboot  3  laSnBeacs  o^rt,  bdi« 
usly  estimated  at  something  between  ooe-c^Nfa  sud  aoe-hoK 
ohm. 

he  resistance   of  prepared  ro  .iries  with 

iliTerent  makers,  the  resistanc,  Mounting 

SOtimesihatofasimibrpiecc;  jiy  4.000 

hms  per  cubic  ccniimLirc.  The  ij^r.n:  r^  i.ir.ce  of  the 
aratively  impure  and  n.ore  ciy^|^^tmoct  carbon  has 
Shown  to  be  about  17  lintea^^^^B|^yhe  prepared 
1U-  The  actual  ri^istriwe  l^^^^^^^^^^Kdinarily 
is  ^bout  O'^^^^^^^^Blpler  to 
«  this  they  are  OeqnentljrJ 
:r  deposited  e'"*  '  ■  — 
■■   metallicd 
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inosi  oses  c^iardcd  as  trade  secrets.  Genenill)',  hmvm.^  I 
[HilrcrJsed  coke  forms  the  basis,  this  being  intimattl;  wt 
with  pure  cartKin  |»»der  derived  from  the  destniflire  diaiJki 
of  some  such  <H^anic  substances  as  gas-tar,  pitch  or  liiiumcn. 
adhesive  substance,  such  as  a  syrup  of  c3nesugaraDdguin,iit 
added  to  make  a  paste,  the  rods  being  shaped  by  fotoBj  li 
mixture  with  considerable  pressure  through  a  die  plolc  ThcH 
so  formed  are  then  hskuy.  in  an  oven  a  number  o(  lr[n«,lo4 
compose  the  carbonaceous  compounds,  and  drive  off  ihe  « 
constituents.  Immersion  in  syrup  usually  takes  place  bctm 
the  bakings.  But  great  care  is  taken  to  remot-e  any  icnj{ 
substance  from  the  ingredients,  and  so  to  ensure  the  prodaoi 
of  a  homogeneous  rod,  for,  os  will  have  been  already  guhotd,! 
presence  of  foreign  Indies  in  the  arc  causes  fluctuiuora  io 
luminosity,  and  considerable  variations  in  its  colour. 

The  chief  requirements  which  it  is  nece^ary  that  a  carboai 
should  fulfil  are  then,  that  it  should  be  dense,  that  its  molcn 
or  mechanical  structure  should  be  uniform,  that  il  should  bcpl 
and  that  iis  electrical  resistance  should  be  low.  The  dbmcW 
the  rod  varies  with  the  hghi  it  is  required  to  give  or  the  a 
it  is  required  to  carry,  those  most  frequently  employed  lang 
from  7  to  lo  millimetres  in  thickness,  and  these  give  anul 
luminosity  of  about  S75  candle-power  per  ^  horse-povrerit 
and  approximately  this  may  be  taken  as  the  power  requira)  I 
the  actual  amount  of  light  emitted  by  an  ordinary  arc  hmp. 
usual  practice  of  referring  to  the  light  of  such  a  lamp  as  bcp 
2,000  or  more  »hot;>k7/ candle-power  is,  therefore,  very  mislai 
The  use  of  globes  still  further  reduces  the  actual  amount  off 
obtained  from  the  lamp. 

The  proportion  of  light  cut  off  by  globes  has  been  deiermi 
to  be  : — 

For  clear  glass  .         .     about  10  per  cc 

„     light  ground  glass     .         ,  ,,30      „ 

„    heavy       „         „       .         .     45  to  50      „ 
„    strong  opal        „       .         -     SO  to  60      „ 


A.ssuming  ; 
when  the  ci 


irc  lamp   lo   give  a    light    of  S75  candle-. 
It  strength  is  10  amperes  and  the  e.m.f  50 


Jablockkoff  Lamp  50I. 

11  be  evident  ihal  this  araouiH  of  light  is  produced  at  a  cost  tA 
^^^^  watts,  so  that  were  a  latrp  to  consume  one  electrical  horse- 
'^^er  or  746  watts,  it  should  yield  a  light  of  about  1,300  candle' 
"^^C-     Allowing  for  the  various  losses  in  the  conversions,  it  xnxf 

•taken  that  on  an  average  arc  circuit,  the  engine  indicates  one 
■e-power  for  each  ordinary  or  875  candle-power  lamp. 
Tl>e  Jablochltoff  'candle,'  which  was  devised  by  M.  Paul 
Jochkoff  in  1873,  and  which  caused  considerable  excitement 
-  '•he  Paris  Exhibition  of  1878,  is  undoubtedly  the  simplest  form 
K  arc  lamp  yet  introduced,  altliough,  as  it  is  not  economical,  tfe 
—  "wsed  less  extensively  than  it  otherwise  would  be.  The  candlo 
K_^>K^sjsts  of  two  pencils  of  prepared  carbon  about  az  centinietreB. 
— ^■-  ■«  3tid  4  millimetres  in  diameter,  fixed  iiarallel  to  one  another 
^*-**  s^pvirated  by  a  strip  2  millimetres  thick,  of  some  fusible 
•■*^* "^."^onducting  material  such  as  kaolin.  Pieces  of  spht  brass. 
.■«-»*'"^8.  5  centimetres  long,  are  placed  over  the  lower  ends  of 
^••^'^^'''''^n  pencils  and  serve  to  form  connection  with  the  holder 
^tf-*"'"^"  IS  attached  to  the  base  of  the  lamp.  The  upper  ends  of 
%\*  *^  l"-'K;il5  are  scarfed,  and  a  small  lighting  fuse  consisting  of  t, 
V*^  ^  '-  "C  plumbago  and  gum  serves  to  connect  them  together  elec- 
*■*'*  I  ^^'^''''''^'•'■'Jsapathfortheinitialflowofthecurrent.  Thisfuse 
\-T  ~ '  '"'  !  ^'  'Consumed  and  the  arc  established.  The  consumption  of 
'""'"'"^  as  compared  with  the  negative  carbon  being  with  a 
^^Km  approximately  as  2:1,  an  alternating  current  is  ; 
'  "'  t  the  pencils  are  uniformly  consumed,  the  in* 
pi  also  being  burnt  at  the  same  rate.  Each  candle 
'lOur  and  a  half,  and  owing  to  the  interposition 
It  is,  to  the  separation  of  the  carbons,  a 
1  once  extinguished  cannot  be  re-ignited 
iadded,  or  the  i>encils  temporarilyi 
I  other  piece  of  carbon. 

it  through  which  4' 

.he  potential  difference  neces* 

^eing  about  42  volts.     Th« 

Tgy  is  thtrefore  about  33S 

m  an  open  light,  a  lumin<K 

idles,  generally  four,  in  1 
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lamp,  and  constimc  ilicm  in  succession.  In  this  way,  the  liglii 
n  be  mainlaintd  fur  six  hours  without  any  attention  l*eing  gin-n 
ItC'yond  that  of  turning  a  switch,  so  as  to  divert  the  current  ftom 
candle  lo  another.  The  form  of  candit- holder  most  frt 
quently  employed  consists  of  two  short  rigidly  fixed  jiillars,  one  of 
them  being  slotted  so  as  to  allow  a  small  play  for  a  tnaDgular 
piece  carrying  the  socket  for  one  of  the  carbons,  the  other  socket  . 
being  cut  in  the  other  pillar.  A  stiff  flat  spring  presses  a 
the  free  corner  of  the  triangular  piece,  which  can  lie  moved  ti 

1  the  pillar.  On  pressing  the  candle  in  between  these  pilli 
a  good  mechanical  support,  as  well  as  good  electrical  contact 
afforded- 

There  are  two  kinds  of  lamp  bracket  for  supporting  the  holdfl 
In  one  of  them,  one  pillar  of  each  of  the  holders  is  electricd 
connected  to  a  common  terminal,  the  other  pillars  being  ci 
each  to  a  separate  terminal,  so  that  at  least  five  leads  are  ned 
sary.  In  the  other  type  each  candle  has  a  separate  holder,  e 
holder  requiring  two  terminals  and  a  distinct  pair  of  loads  & 
the  switch. 

Sometimes  a  switch  is  placed  on  or  near  each  lamp,  but  it 
more  general  to  divide  the  lamps  into  a  number 
circuits,  each  circuit  comprising  four  lamps  joined  logelherl 
series  and  manipulated  by  a  single  switch  placed  in  the  d)™ 
room. 

An  automatic  arrangement  is  also  employed  to  avoid  the  riit 
of  burning  the  candles  right  down  to  the  sockets  and  so  causing 
a  disconnection.  The  apparatus  consists  of  a  vertical  solenoid 
with  a  core  which  is  provided  with  two  pairs  of  contacts.  Shouiit 
the  circuit  be  broken  by  one  of  the  candles  '  going  out,'  the  core 
falls  and  two  of  the  contact  points  fall  into  mercury  cups  and 
complete  the  circuit  of  an  electric  bell.  At  the  same  lime  the 
other  pair  of  contacts  drop  into  mercury  cups  which  complete 
the  circuit  through  the  second  series  of  lamps.  The  attendant  has 
then  only  to  shift  the  leading  wire  to  the  terminal  block  of  the 
next  circuit  in  readiness  for  his  next  act  of  negligence. 

The  Jablochkoflf  system  has  very  few  advocates  in  England,    | 
chiefly  on  account  of  its  cost,  but  it  is  a  very  simple  system  and 
one  which  finds  great  favour  in  such  places  as  the  Indian  paUcts, 


tthtre  money  is  not  scarce,  and  where  skilliid  labour  is  praclically 
unprocuraljle.  Other  forms  of  electric  candle  liave  iieen  devised, 
but  as  ihL'y  are  all  now  extinct,  we  need  not  pause  to  consider  them. 

Another  class  of  arc  lamp,  frequently  called  the  semi-incan- 
descent, used,  however,  with  a  direct  current,  is  typified  by  the 
Werdemaun  lamp,  which  consists  of  a  large  rounded  biock  of 
carbon  connected  to  the  negative  lead  and  supported  by  a  hinged 
bracket.  The  positive  lead  is  connected  to  a  thin  pointed  carbon 
rod,  and,  by  means  of  a  weight  attached  to  a  cord  working  over  a 
pulley  and  fastened  to  its  lowered  end,  this  thin  rod  is  kept  in 
ii.intact  with  the  hinged  block.  Both  carbons  become  incan- 
■  l.scent  at,  or  in  the  vicinity  of  the  point  of  contact,  and  a  small 
(. inular  arc  is  struck.  The  rod  is  of  course  somewhat  rapidly 
Loi  isumcd,  and  a  hole  gradually  formed  in  the  carbon  block.  Great 
things  were  expected  of  this  lamp,  but  it  did  not  prove  economical ; 
il  was  very  variable,  flickered  considerably,  and  is  now  practically 
obsolete. 

Our  chief  object  in  referring  to  these  lamps,  was  to  give  some 
little  idea  of  the  channels  into  which  men's  minds  were  directed 
in  tlieir  earlier  efiforts  to  '  subdivide '  the  electric  light,  or  more 
torrectly  speaking,  to  maintain  a  number  of  comparatively  small 
lamps  on  one  ciraiiL 

Coming  now  to  the  question  of  arc  lamps  in  their  present  state, 
it  would  be  convenient  if  we  were  able  to  cbssify  them,  or  divide 
Ihem  into  a  few  distinctive  types,  but  there  is  absolutely  no  simple 
or  natural  classification,  and  a  complicated  or  forced  division 
would  be  undesirable. 

Many  efforts  have  been  made  to  obtain  a.  precise  but  compre- 
hensive classification,  with  tlie  result  that  there  are  virtually  as 
many  classes  as  there  are  lamps.  It  would  be  possible  to  divide 
the  lamps  into  two  classes,  viz.,  those  used  in  series,  or  on  a 
circuit  through  which  a  constant  airrent  is  sent,  and  those  used  in 
parallel,  or  which  have  a  conslant  poUniial  difference  maintained 
at  their  terminals.  The  latter  kind  are  comparatively  simple, 
but  any  lamp  of  that  class  could  be  transferred  to  the  other  by 
an  alteradon  in  the  winding  of  the  coils  and  by  tlie  addition 
of  a  'cut-out'  device,  to  automatically  short-circuit  the  lamp,  in 
the  event  of  a  disconnection  in  the  arc-circuit. 
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This  system  of  classification,  therefore,  can  scarcely  be  sad  to 
be  satisfactory.  It  is,  however,  an  important  feature  that  the  loie 
system  is  characteristic  of  the  arc  lamp,  owing  to  the  fact  thal,tlK 
main  leads  need  unly  be  small  as  compared  with  those  necesun 
for  parallel  working.  AVith  the  small  current  usual  on  a 
circuit,  the  loss  due  to  the  resistance  of  the  leads  is  I 
as  comimrcd  with  the  loss  that  would  be  experienced  were 
same  leads  used  for  parallel  lamps.  For  this  reason  parallel 
lamps  are  not  often  used,  although  they  have  the  advantage  dui 
ihey  can  \x  so  adjusted  as  to  render  jt  possible  to  join  ihemin 
parallel  with  incandescent  lamps.  In  all  cases  it  is  essential  thai 
the  lamp  should  automatically  '  strike '  its  own  arc,  or  cause  iht 
carbons,  when  in  conLtct,  to  separate  to  the  required  distance  ;  ad 
this  action  must  perforce  be  controlled  by  the  main  cunent.lliMb 
to  say,  the  separation  of  the  carbons  must  always  be  brought  aboiii 
electrically,  and  the  coi!  used  for  the  purpose  must  alwaj^  t» 
placed  in  the  main  circuit.  This  coil  is  usually  referred 
as  the  main,  or  the  series  coil,  the  latter  term  being  entplt 
l»ecause  the  coil  is  joined  in  series  with  the  carbons.  IVhen 
are  joined  up  in  parallel,  a  small  resistance  coil  is  placed 
series  with  each  lamp  for  steadying  purposes.  Without  thii 
sistance,  a  slight  variation  in  the  length  and  resistance  of  the  ac, 
or  the  reduction  in  the  resistance  of  the  carbons  as  they  ban 
away,  would  cause  a  sensible  variation  in  the  current  streng' 
but  the  use  of  a  resistance  coil  reduces  the  percentage  of 
variation  in  the  resistance  of  the  particular  branch,  and  thercfart 
keeps  the  current  strength  more  nearly  uniform.  To  compaistt 
for  the  loss  of  power  in  the  '  steadying '  resistance,  the 
provided  is  about  5  volts  higher  than  that  provided  per  limp 
when  joined  in  series.  With  lamps  joined  in  series  this  eitn 
resistance  is  unnecessary,  because  when  the  resistance  of  any  one 
lamp  varies,  the  current  strength  is  not  appreciably  affected ;  llie 
other  lamps  in  circuit  with  it,  in  effect,  act  as  a  steadying  resistance, 
and  tend  to  keep  the  current  strength  constant. 

If  the  source  of  light  is  for  focussing  purposes  required  to  rei 
stationary,  which  is,  for  hghthouse  or  lantern  work,  of  paramoia 
importance,  both  carbons  must  be  automatically  movable,  at 
respective  rates  of  consumption  ;  but  when  this  is  not  absolutely 
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Hk  The  resistances  of  the  coils  m  and  m'  are  so  adjusted  that,  the 
BSpc  having  been  struck  and  having  arrived  at  the  proper  length, 
the  action  of  the  coils  upon  the  core  is  exactly  balanced.  Any 
increase  in  the  resistance  of  the  main  or  series  circuit,  caused  by 
an  increase  of  the  length  of  the  arc,  disturbs  this  balance,  in- 
creasing the  current  through  the  shunt  coil,  whence  the  core, 
with  the  upper  carbon  attached,  is  attracted  downwards  by  the 
shunt  coil,  and  in  descending  again  restores  the  balance,  read- 
justing the  arc  to  its  previous  dimensions.  It  will  thus  be  seen 
that  in  the  event  of  a  disconnection  in  the  arc  circuit  such  as 
might  happen  before  lighting  up,  the  coil  m'  takes  the  whole 
of  the  current,  and  continues  to  draw  the  core  down  until  the 
two  carbons  enter  into  contact.  Immediateiy  this  happens  a 
heavy  current  passes  through  m  at  the  expense  of  m',  and  the 
core  and  up]X;r  rod  are  raised  just  sufficiently  to  establish  the 
ore.  It  may  here  be  observed  that  were  the  cort  made  of  a  simple 
cylindrical  rod  of  iron,  it  would  have  a  tendency  to  balance  itself, 
or  take  up  its  position  in  the  middle  of  the  electro -magnetic  field 
produced  by  the  two  coils ;  and  although  a  variation  in  the  magnet- 
isation of  either  solenoid  would  move  the  core  away  from  that 
position,  it  would  manifest  a  tendency  to  return  toit,  and  in  so  doing 
taiise  fluctuations  in  the  arc.  By  using  the  conical  core  this  diffi- 
culty is  overcome,  because  as  the  magnetisation  of  the  preponde- 
rating solenoid  increases,  and  attracts  the  iron,  it  acts  upon  a 
gradually  increasing  core,  so  situated  that  it  can  never  get  into  its 
'  best  position,'  but  remains  steady  at  any  point  in  a  comparatively 
long  range. 

Fig.  254,  while  serving  to  illustrate  [he  general  principle  involved 
in  differential  lamps,  is  really  a  skeleton  diagmm  of  the  Pilsen, 
(which  was  invented  by  Messrs.  Pietteand  Krixik  of  Pilsen,  a  town 
in  Bohemia,)  and  which,  while  simple  in  construction,  works  with 
remarkable  steadiness,  even  under  somewhat  considerable  fluctua- 
tions in  the  current.  It  h^.s  also  the  advantage  that  it  is  practically 
noiseless. 

It  has  recently  passed  into  the  hands  of  the  Gwynne- Pilsen  Co., 

jvbo  have  simplified  some  of  its  details  and  effected  other  struc- 

~  mprovements  without,  however,  interfering  with  its  funda- 

lental  principle. 
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A  detailed  diagram  of  lti£ 
lamp  is  given  in  fig.  t%^.  The 
coil-frame  j  and  casing  arc  elec- 
trically connected  to  the  positiit 
terminal  +.  From  J  the  cuntni 
is  transmitted  by  contact  rollers 
R  to  ihe  inner  brass  tul>e  C  (con- 
taining the  double  conical  ifon 
core),  and  thus  through  the  holder 
to  the  positive  carbon.  Thenci: 
it  passes  through  the  arc  to  the 
negative  carbon  holder  h,  and 
from  thence  through  the  conian 
rollers  r'  r"  to  the  negative  guide 
rods  n,  d',  both  of  which  an:  in- 
sulated from  the  bottom  plate  of 
3  the  bmp,  as  well  as  from  cacb 
other  at  B.  The  current  being 
thus  divided,  one  part  (theleuetl 
passes  through  the  iron  irire  coil 
E,  and  the  greater  part  ihtougfi 
the  amomatic  cut-oui  coil  .\,  thew 
twi)  branches  reuniting  at  k,  and 
thence  passing  through  the  main 
coil  M  to  the  negative  lenniful 
marked  — ,  from  which  it  is  cai 
ried  lo  the  positive  terminal  o; 
the  next  lamp  in  series,  or  (lie 
negaiive  terminal  of  the  dynaiin\ 
as  the  case  maybe.  Thenegativt 
holder  is  supported  by  two  cotd^ 
which  pass  over  pulley  wheel^ 
and  are  connected  to  the  bras'- 
tube  containing  the  core.  Tin* 
is  more  clearly  indidted  in  % 
256,  where  the  cords  are  shown 
connected  to  the  rods  oliaehpl 
to  H,  R  r'  being  the  pulley  whceli 
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e  of  these  wheels,  r',  has  very  fine  leeth  cut  round  it,  into 
ich  the  click,  which  is  to  Ijc  seen  above  the  wheel,  engages,  so 
to  allow  the  wheel  to  rotate  freely  for  feeding,  but  to  prevent 
moving  in  the  reverse  direction.  The  cord,  therefore,  during 
separation  of  the  carbons  has  to  slide  along  the  groove,  suffi- 
nl  fricli<)n  being  in  ihat  way  introduced  to  prevent  sudden  or 
(y  separations. 

Were  the  two  holders  exactly  equal  in  weight  they  would  counter- 
ance,  but  in  the  more  recently  constructed  lamps,  the  positive 
der  is  about  t  \  ounce  heavier  than  the  negative,  so  that  when 
current  is  flowing  the  carbons  run  together. 
The  action  of  the  series  current  then  is  to  draw  the  iron  core, 
which  the  positive  carbon  is  attached,  up  into  the  coil  m,  thus 
iking  and  maintaining  the  ate.  In  order  to  regulate  the  lamp, 
shunt-current  is  taken  from  the  screw  l,  and  passed  round  a 
lenoid  of  stout  copper  wire,  to  the  insulated  bracket  o,  and  re- 
ming  from  thence  through  the  shunt-coil  proper  m',  consisting 
many  turns  of  fine  cop[)er  wire  (wound  in  the  same  direction  as 
e  spiral  of  l),  having  its  other  end  attached  to  the  bracket  p  ot 
e  automatic  cut-out,  from  whence  it  passes  through  a  coil  of 
juttierm  an -silver  wire  G  to  the  terminal  marked  — .  The  number 
convolutions  of  the  coil  m'  and  their  resistance  are  so  propor- 
med  that  {when  the  arc  has  been  drawn  to  a  length  of  about 
wch)  the  attractive  action  counterbalances  that  of  the  main 
t  and  the  small  extra  weight  of  the  positive  holder.  Equili- 
cing  thus  established,  the  arc  is  maintained  at  its  normal 
the  current  is  kept  constant.  It 
(such  as  the  fracture  of  a  carbon,  mc- 
s  of  a  cord),  the  main  currt-nt 
;  then  the  magnet  a  of  the  auto- 
ts  armature,  which  by  reason  o( 
falls  in  the  opposite  direction, 
,he  screw  n  on  the  insulated 
urrent  vi&  l,  o,  n,  q, 
so  preventing  a  com- 
m  of  the  shunt-coil  m', 
with  a  strip  of  ivory  insula- 
is  are  nearly  burnt  out,  the 
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conUiFt  roller  R*  ceases  to  make  contact,  the  current  ceases  to  flo» 
round  the  magnet  a,  q  falls,  and  the  lamp  is  cut  out  of  circuiL  The 
function  of  the  alternative  path  fnam  r'  '  through  d'  and  of  it?  imn 
resistance  e  is  that  when  the  lamp  is  burning,  the  resistance  i; 
causes  the  greater  jxul  of  the  current  to  pass  via  d,  thus  securing 
the  efficient  action  of  the  magnet  a,  and  preventing  the  lamp  froin 
becoming  iireniaiurely  cut  out.  ^^'hen  owing  to  exhausted  cjrbon^ 
the  lamp  is  in  procoss  of  cutting  out  nalurally,  the  contact  rollti 
k'  in  pissing  from  d  on  to  the  insulating  strip  i,  would  cattj- an 
arc  after  it  from  r'  to  D,  were  it  not  for  the  temporary  jflili 
afforded  from  d'  through  e,  until  such  time  as  the  main  currcr; 
had  been  diverted  through  the  path  L,  o,  n,  q,  g  The  Gemun 
silver  coil,  c,  has  no  action  upon  the  working  of  the  lamp ;  it  is  i 
compact  form  of  resistance,  equivalent  to  the  apparent  i 
of  the  lamp,  to  he  thrown  into  the  main  circuit,  when  the  lamp 
is  cut  out  automatically ;  it  is  superfluous  with  a  self-regubtii^ 
dynamo. 

A  view  of  the  interior  of  the  lamp  is  given  in  fig.  ^56,  in  ivhifli 
the  lettering  corresponds  to  that  employed  in  the  diagram,  fig. 
It  will  be  observed  that  a  means  of  final  adjustment  is  prtiMdai 
by  the  movable  contact  s,  which  can  be  used  to  cut  out  one 
more  of  the  convolutions  of  the  main  coil  m.     The  friction  toli 
is  here  lettered  r,  and  as  already  mentioned,  r  r'  represent 
pulley-wheels  over  which  the  cords  connecting  the  positive 
negative  holders  together,  are  passed. 

A  sectional  view  of  another  form  of  the  lamp  is  given  in  fig-  • 
in  which  the  two  coils  m  and  m'  are  wound  on  the  same  bobbin,' 
but  in  opposite  directions.  The  long  conical  core  is  clearly  showi 
at  D.  The  negative  holder  is  suspended  in  the  same  way  as  in 
the  bi -conical  form,  but  the  pulleys  and  other  parts  suchasibc 
cut-out  are  not  shown  in  this  figure.  The  lamp  is  also  madt 
with  horizontal  carbons,  so  as  to  render  it  suitable  for  rooms  witb 
low-pitched  roofs,  andit  will  be  seen  tliat  the  absence  of  mechanic^ 
control  facilitates  considerably  the  alteration  in  the  design.  It 
should  be  added  that  the  workmanship  of  the  Pilsen  lamp  is  o( 
the  highest  order ;  the  finish  is  unusually  good,  and  all  pullej^ 
rods,  and  the  working  parts  generally,  are  electroplated. 

Another  very  simple  and  efficient  lamp  is  that  invented  byMt. 
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C.  F.  Brush.  It  was  one  of  llie  first  and  it  certainly  n 
of  the  best  of  modern  arc  lamps,  A  great  feature  in  ittfe 
is  the  extreme  simjilidty  of  tht;  nict-hanical  conlrivintt, 
principle  is  ilhisiraU'd  in  rig.  258.  The  lenninais  X  » us 
take  the  km 
.[Kiir  of  Imie  i 
which,  hy  ' 
dropped  om 
lontal  pins  o 
under  side  of 
pending  hoad 
the  lamp  u  n 
the  main  1 ' 
negative  oA 
is  fixed,  and 
gradually 
the  aiC 
lowered  in  ] 
the  upper  ( 
tive  carbon  K,  falling  at  a  corresponding  rate. 

The  current  enters  the  lamp  at  the  positive  terminal 
divides  at  v  in  the  main  circuit,  passing  through  ilie  low  n 
coils  H  h',  in  parallel  in  such  a  way  as  to  generate  powi 
opposite  iK>les  at  the  lower  ends  of  the  solenoids.  On  lea 
coils  the  currents  reunite,  and  passing  by  a  wire  to  tfi 
carbon  holder  u,  traverse  both  carbons,  the  lower  of 
connected  to  the  negative  terminal  v.  The  shunt  circuil 
sistance  of  which  is  450  ohms,  is  made  by  a  thin  wire  pas 
X  round  the  bobbins  11  m'  in  series,  then  round  the  cut-on 
T,  from  which  it  passes  direct  to  the  terminal  v.  The  thi 
H  h'  is  wound  outside  the  main  coiL  Connection  is  a) 
between  v  and  the  pivoted  lever  It,  by  means  of  a  wir«  ai 
ance  spiral  r,  but  this  will  be  again  referred  to  presently. 
Assuming  the  carbons  k  k'  lo  be  in  contact,  the  pi 
the  main  current  through  the  coils  h  tf'  causes  the  soft  I 
N  s  and  their  horizontal  yoke-piece  to  be  drawn  tipwan 
yoke-piece  is  provided  with  a  fork  c,  which  tilts  the  wash 
w,  causing  it  to  seize  the  carbon  holder  and  raise  it  sttSi 
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arc.  Under  normal  conditions  only  about  i  per  cent. 
al  current  passes  through  the  shunt  coils,  but  when  the 
ses  in  length  and  thereby  raises  the  resistance  of  the 
lit  a  proportionally  larger  current  passes  through  the  long 
coils  on  H  h'.  Being  wound  in  the  opposite  direction 
turns  of  the  main  coils,  the  shunt  coils  cause  a  dirainu- 
Ihe  magnetisation  of  the  cores  or  plungers  N  s,  which 
fall,  and,  causing  the  clutch  w  to  loosen  its  grip  of  the 
■llow  the  positive  carbon  to  fall,  by  the  force  of  gravita- 
the  length  of  the  arc  is  so  far  reduced  as  to  re-establish 
lal  division  of  ihe  current  through  the  main  and  shunt 
We  see  then  that  the  function  of  the  thick  wire  coil  is  to 
B  clutch  and  strike  the  arc,  while  that  of  the  shunt  coil  is  to 
the  clutch,  allowing  the  rod  to  slide  and  feed  the  carbon 
Tards.  As  a  rule  these  reactions  take  place  so  gradually 
le  upper  carbon  is  maintained  at  a  uniform  distance  from 
wer,  and  is  simply  fed  at  a  rate  corresponding  with  the  con- 
ion. 

le  'cut-out'  coil  T  performs  a  most  important  function. 
vident  that  should  one  of  the  carbons  be  burnt  away  or 
1,  or  should  from  any  other  cause  the  maintenance  of  the  arc 
le  impossible,  some  device  is  necessary  to  introduce  into  the 

E  alternative  path  of  about  the  same  resistance  as  the  arc 
The  way  in  which  this  is  accomplished  in  the  Brush  lamp 
us.  It  will  be  remembered  that  the  shunt  circuit  includes 
of  many  turns  of  thin  wire  on  the  bobbin,  t.  Now  when 
lin  circuit  is  broken,  the  whole  current  has  to  pass  through 
,unt  circuit,  and  the  coil  t  is  so  adjusted  that  when  this 
sed  current  passes  through  it,  but  not  otherwise,  its  core 
les  suflliciently  magnetised  to  raise  the  armature  a,  and  with 
lever  b.  This  lever  carries  the  small  contact  stud  m, 
lis  on  rising  makes  contact  with  another  stud  m',  which  iscon- 
Ite  a  short  thick  wire  coil  round  t,  the  otiier  end  of  which 
pited  to  Y.  It  follows  that  under  such  circumstances  a  low 
■£e  circuit  is  established  from  v,  along  K,  and  B,  to  m,  and 

to  Y. 

;re  it  not  for  the  high  resistance  of  the  shunt  coils,  they 
be  employed  for  this  purpose,  but  under  the  circumstances 


1  Mich  a  plan  is  obviously  impracticable.     Of  cuuwe  as  itie  ir 
circuit  is  disconnected,  the  positive  carbon-holder  is  not  inierfrw) 
with  by  the  clutch,  and  can  therefore,  if  only  a  portion  of  ihi 
carbon  has  been  broken  off,  descend  and  re-cslablishdKarc»hni 
the  current  flowing  through  the  thick  coil  on  t  will  be  diminish 

t»nd  the  cut-out  circuit  disconnected. 
Usually  the  Brush  carbons  are  a  foot  long  and  last  forei 
hours  or  thereabouts.     When,  however,  a  longer  period  of  lighraj 
is  likely  to  be  re 
P    ^^^  '■^;>  jr^^       quired,  kraps  vH 

1^1  ^1^  iH        bo  ns  ore  employ^ 

'llie     device 
■changing-oTCl 
from 
,  the  other  is  p 
tiiL-channat  and  i 
iilusiiaied    : 
259.    The  pasiofl 
carbon -holders  r'  and  r*  are  parallel  one  to  the  other,  and  eadi 
furnished  with  a  washer  clutch,  as  shown  at  w'  and  w', 
clutches  are  operated  by  a  small  frame  K,  which  is  suppoiu 
by  the  lever  (shown  in  section  at  l)  attached  to  the  plunger  (f 
soft  iron  core  of  the  striking  and  feeding  solenoids.     By  the  « 
simple  device  of  making  one  of  the  forks  in  the  frame  K,  higi 
than  the  other,  this  higher  fork  lilts  its  clutch  before  the  othi 
begins  toad,  and  consequently  lifts  its  corresponding  carbon- tioldcf 
a  greater  distance  than  does  the  other.     At  the 
first  carbon  is  raised,  it  is  short-circuited  by  the  other,  which  tl 
next  moment  is  also   raised.     The   arc   then    establishes  it 
across  the  lesser  distance,  and    in   all  subsequent  feeding  i 
conirolliug  movements  the  pair  of  carbons  across  which  the 
was  first  started  are  alone  affected,  because,  although  both  posil 
carbons  are  raised  and  lowered  together,  the  ends  of  thi 
carbons  never  come  into  contact,  and  the  k.m.f  is  insuffidcm 
start  an  arc  across  the  air  space  which  separates  them.     When  I 
one  pair  otcai\iti\\s\«vvtt\wevvso\aic.ic«\^OTM!Atfcat  they  cannot 
wiieii  the  trarae  iaW^  ftve  cMfoi' 


bons,  and  the  arc  esiablished,  after  which  it  is  mainlaini^d  l»y 
'  same  apparatus  acting  in  the  same  way  as  with  the  first  pair. 

The  construction  of  the  double  arc  lamp  invented  by  Messrs. 
3mpton  and  Crabb  is  illustratecj  in  fig.  z6o. 

The  two  positive  carbons  are  carried  by  the  rack-rods  B  and  B,. 
3ing  on  each  of  these  is  a  light  gun-metal  sleeve,  SS|,  carrying 
ndles,  to  which  are  attached  the  two  large  brake  wheels,  e  z^, 
I  between  them  the  pinion  which  gears  into  the  racks.  These 
ke  wheels  rest  upon  a  pair  of  levers,  l  l^,  the  outer  ends  of  which 

pivoted  to  Ihe  framework  of  the  lamp,  iheir  inner  ends  being 
inected  by  links  to  the  core  of  the  solenoid,  which  is  placed  in 
entrat  position  vertically  above  the  two  Inner  ends  of  the  levers. 
is  solenoid  is  differential,  g  being  the  shunt  and  m  the  main 
1,  and  the  core  is  partially  supported  by  a  spring.  The  tension 
this  spring  can  be  regulated  by  means  of  the  screw  t,  which  is 
tied  lo  Che  right  Co  increase  its  length,  and  lo  the  left  co  de- 
ase  it. 

Projeeiing  vercically  downwards  from  each  sleeve,  ss,,  toadis- 
ce  froji  the  centre  of  the  spindle  about  equal  to  the  radius  of 

brske  wheels,  is  a  stout  pin  or  finger,  ff,,  Che  acCion  of  which 
nlereslmg. 

Suppose  the  rack-rod  to  be  drawn  up,  then  if  che  lever  be 
led.  by  ihe  solenoid  above  the  horizontal  position,  the  whole 
ghl  of  the  rod  and  carbon  is  supported  on  the  edges  of  the 
,ke  wheels,  and  the  friction  of  them  on  the  surface  of  the  levers 
.ufficienC  to  prevent  their  revolution  ;  hence  this  rack-rod  cannot 
1  down.  But  if  the  levers  be  below  the  horizontal,  then  the 
ight  is  carried  by  the  finger  projecting  from  the  sleeve,  as  shown 
k;  the  wheels  are  free  to  turn,  the  rack  runs  down,  and  continues 
do  so  until  the  positive  and  negative  carbon  (Kiints  come  in 
ilacC.  Now,  if  the  current  be  switched  on  by  its  passage 
ough  the  main  wire  of  the  solenoid,  the  levers  rise,  striking  the 
,  and  at  the  same  time  applying  the  brake  to  the  wheels.  The 
nbined  action  of  the  shunt  and  main  currents  on  the  solenoid 
■e  auComaiically  adjust  the  length  of  the  arc.  If  this  becomes 
t  great  the  increased  current  through  the  shunl  dtavis  dii'wwi.Vvft 
e  and  levers,  Che  brake  wheels  are  left  free  lo  Te\o\Ne,  Mvi  ■&«■ 
shortens.     On  the  othet  ha.nd,  if  the  carbon  poVuVsW^QOC^ci'^ 
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is  attached  to  the  frame  kd.     The  pinion  g  gears  into  the  larger 
toothed  wheel  e.  on  the  axis  of  which  is  a  pinion  c  engaging  with 
tlie  rack  r  of  the  positive  carbon  rod.    This  rod  carries  a  weight  w, 
■^which  enables  it  in  descending  to  lift  the  negative  rod  v  x.     When 
no  current  is  flowinR  the  brake  lever  n  rests  on  the  screw  s,  which 
mr^leases  the  brake  wheel  and  allows  the  carbons  to  come  into 
crontact.     The  current  enters  at  the  positive  terminal  on  the  right 
l^and  of  the  figure,  passes  through  the  framework  of  the  lamp  to 
the  rod  y,  and  thence  to  the  positive  carbon.     It  returns  from  the 
Miegative  carbon  by  the  insulated  rod  x  and  flexi'jle  wire  attached 
«o  it,  passing  through  the  thick  wire  coil  on  a,  and  from  this  to 
■*he  negative  terminal.     The  magnet  attracts  k,  raising  the  frame 
-H  D,  thus  causing  the  lever  n  lo  grip  the  brake  wheel  and,  by 
turning  e  and  c,  to  raise  v  and  lower  X  for  the  purpose  of  separat- 
ing the  carbons  and  forming  the  arc.     As  the  carbons  consume, 
ihc  difference  of  potentials  at  the  terminals  rises  and  the  current 
in  the  fine  wire  coil  round  A,  which  is  connected  as  a  shunt  to  the 
l.iinp  terminals,  increases.    This  weakens  the  electro- magnet  a  and 
allows  the  frame  H  d  to  fall  and  the  carbons  to  approach.     WTien 
the  lever  n  comes  in  contact  with  the  screw  s,  the  brake  is  released, 
allowing  the  carbons  to  approach  as  the  consumption  continues. 
If  the  carbons  bum  out,  or  if  from  any  other  cause  the  circuit 
through  them   is  broken,  the   frame  H  d  ilrops  on  the  contact 
pillar  M  ;  this  completes  the  circuit  from  the  lamp  frame  through 
the  German-silver  resistance  r  to  the  negative  terminal,  thus  pre- 
venting a  break  in  the  continuity  of  the  circuit  when  several  lamps 
are  joined  in  series. 

The  Brockie-Pell  arc  lamp  is  illustrated  in  fig.  163  ;  the  main 
and  shunt  coils  are  wound  on  separate  bobbins  fixed  parallel  to 
one  another,  the  main  or  series  coil  being  that  on  the  left  side 
of  the  fif,''"'^-  ''"'^^  tw-o  cores  pass  through  the  ends  of,  and 
operate  a  '  see-saw  '  lever  which  is  pivoted  at  its  centre.  The 
livo  carbon-holders  are  connected  by  a  cord  passing  over  a  pulley  ■ 
wheel  pivoted  on  the  base  of  the  lamp-case.  The  upper  or  posi- 
tive holder  is  provided  with  a  rack-rod  which  gears  into  a  pinion ; 
the  spindle  of  this  pinion  works  in  the  frame  of  the  lamp  and 
carries  a.  comparatively  large  wheel  having  a  strong  broad  rim, 
against  which  a  brake  in  the  form  of  a  small  leather  roller  is 


applied.  The  lever  carrying  this  brake  turns  on  the  weightedw 
shaped  lever,  which  is  loosely  pivoted  but  moves  solidly  witi 
brake  wheel,  its  descent  being,  however,  limited  b\-  a  stq); 


^^'"'^''^.^V,^^ 


"Pplied    The  I  '-'Sntm,^ 


BtMkU'PiB  Lamf 
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^m  the  btafce-tewr  is  o 

e-saw  lever.   "Xhttcam  of  tte  ti^UBlMqa  be  inJBy 

xL      On  the  passage  o(  Ae  csnott  the  Icft-hmA  caS 

end  of  theletCT,ippBeiihcbnfaMifcfhed,«BdaM«» 
ive  carbon,  the  ne 

me  time.    The  uc  b  tfaarixe  "*■***« '     J«  ti 
>  and   the  main  cnrrent  d 
and  the  other  end  of  ihe  i 
ntly  the  brake  lever  ts  <!efrcssed,  ibe  bnke  a 
nd  the  catiwns  allowed  to  feed  loeelfacr. 
i  place  readilv,  the  feed  being  piacticaSj  a 
ady  ligbt  is  the  resuh.    TheinitBlad^Vimacf] 
rarbon-faoldefs  to  opetsu  «i!!i  any  p 
oy  means  of  vre^ts.    As  coni|wed  wtifa  die  wjUMlf  si 
le  mechanism  is  simple  and  Strang, 
l-  264  is  illustiated  a  form  of  arc  bmp  dnilcd  hj  Vx.  \. 
^  for  workshop  use.   The  fettered  portion  o*tt 
t  form  a  pan  of  the  btap,  but  is  anaiched  fac  e: 
*  and  will  be  explained  presently. 
:  lower  carbon  is  (iwd,  and  the  opP''  ***  *  <*nied  by  a    1 
id  which  engages  with  a  pmioa  carried  m  a  honanbl 
E-    On  this  same  spindle,  and  fOM  behind  the  piniaa  m  the 
1 1S  fixed  a  Urge  grooved  wheel  roond  which  posses  a  sbbO 
1     One  end  of  the  chain  carries  a  pecnfiaily  shaped  weight,    ■ 
vk  Qiher  end  is  fined  to  thelowereurcmitTof  thccoreof  the  J 
liWinssolcnoid,  seen  to  the  right  at  the  top  of  the  figure.    Fig. 
.  ■w.H'.UTiM  .y..^  arrangement  more  dearly,  and  also  giws  a  *■ 

'    II  is  the  rack-rod  which  carries  the  upper  carbon, 
■  I  ihe  pinion  K,  while  L  is  [he  large  grooved  wheel, 
IK,  round  which  the  chain  c passes  once, 
[c  chain  is  fixed  to  the  core  of  the  regulat- 
I  required  to  separate  the  carbons  and 
Iced  upwards  into  the  solenoid,  and 
s  the  wheel  l  to  resolve.     This 
k  rod  by  the  pinion,  on  the  well- 
l»nd  the  upper  carlxjn  being  lifted 
^ruck.     The  chain  is  prevented   1 
Vight  at  its  louet  o\d. 
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parallel  working,  aod  has,  ihecefore,  neither  a  shunt  coil  nocia 
oui.  It  is  coosequently  very  sbnple  in  consmiction.  u  will 
guhered  from  tbe  pbn  given  in  fig.  z66,  and  the  dcvalioaml 


367.    The  r^ulation  of  the  lamp  is  effected  by  an  dectroM) 
of  the  hotse-shoe  t)-pe,  E,  which  b  capable  of  rocking  wii' 
limits,  on  the  centres  c  c. 

On  starting  the  Limp  the  po!e  p  attracts  the  iron  n 
carries  tbe  upper  caHwn,  and  holds  it  vith  a  force  p 
to  the  strength  of  the  current  flowing  through  (he  lamp;  n 
same  time  the  other  pole,  p„  is  attracted  towards  the  fixedm 
ture  A,  and  the  magnet  moving  upwards  carries  the  upper  CI 
rod  with  it,  and  thus  Strikes  the  arc 

As  the  carbons  are  consumed  the  resistance  graduifr 
creases,  and  the  current  diminishing  at  a  corresponding  i>«,li 
is  less  magnetic  attraction  towards  the  fixed  armature  ;  then' 
magnet  then  falls  to  its  original  position  of  rest,  supported  If 
stud  s  (fig.  267),  and  causes  k  to  approach  the  lower  caibml 
so  lo  mainxain  liw  aic,  ib\e  oMrcnt  strength  being  at  tbe  ■ 
lime  inctcaseA  yua^otocftviiVi, 


consumption  of  the  carbons  is  conlinucd  and  ihc  length 

therefore  increased,  the  current  is  again  diminished. 

diminution  the  magnetism  is  so  reduced  as  to  allow  the 


pldcr  R  10  slip  until  the  arc  reassumes  its  proper  leiigth, 
bnnal  current  is  re- established,  when  the  magnet  is  once 
Ued  to  support  the  weight  of  the  rod. 
mice  the  rod  is  continually  slipping  by  imperceptible    , 
bd  compensating  exactly  for  the  consumption  of  the 

nd  sudden  jerks  in  the  action  of  the  rocking  magnet,  a 
luake  8  is  employed,  which  introduces  friction  in  inve 
I  to  the  length  of  the  arc  The  two  carbon- holders  are 
by  a  cord  passing  over  a  pulley  wheel,  so  that  the  two 
iproach  or  recede  simultaneously, 
pip  is  constructed  in  various  forms,  but  in  all  of  them 
jmplicily  of  parts  is  maintained.  The  globe  is  fitted  to 
fliding  rods  and  can  be  drawn  down  out  of  the  way  so 
»c  the  carbon -holders  and  facilitate  tht  itwi;'*a.\  ot  V-Va,   | 


parallel  working,  and  has,! 
out.  h  U  consequential 
gathered  from  the  plan  g' 


if>7.  The  regulation  of 
of  the  horseshoe  type,  i^ 
limits,  on  the  centres  C  c 
On  starting  the  tamp 
carries  the  upper  carhoB 
to  the  strength  ofthe 
same  lim. 


us,  ^  substancr 
In  t.hts  crease,  the 
'iaTfcsftt:>l3r  neutral 
inge«nc;nt  as  this 
:  impracti- 
irbon 
i-retort 
tifi- 
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Men  were  not  long  in  conceiving  the  idea  of  «rmploying  de 
hiating  effect  of  a  current  U[>on  a  conductor  for  illumiiuting  pw 
poses,  and  patents  based  upon  this  principle  were  taken  out  irai* 
fifty  years  ago.  But  these  early  elforts  were  one  and  all  of  ibo 
failures  from  a  commercial  point  of  view,  although  some  of  ta 
Were  identical  with  many  of  those  of  a  -comparatiwly  recoil  dtt 
It  was  seen  that  a  conductor  of  high  specific  resistance  »as  tttM 
sar)-,  and  this  limited  the  number  of  materials  available.  Di 
number  was  further  reduced  by  the  fact  that  most  coodnda 
either  melt  or  volatilise  at  com  para  tii-ely  low  temperatures— bdn 
in  fact,  the  temperature  of  white  heat  is  attained.  Iron,  iriiidi 
cheap  and  has  a  high  resistance  and  which  might  therefoichcM 
fiidered  a  suitable  substance,  unfortunately  melts  at  a  coin[Ul 
lively  low  temperature-  It  is  for  this  reason  useless  as  an  illiini 
nant.  It  also  oxidises  or  combines  with  the  oxygen  of  the  air. 
its  temperature  rises,  German  silver  is  for  similar  teasoni  o 
available.  We  arc,  indeed,  limited  among  the  meuls  to  U 
expensive  platinum  or  its  alloys,  unless  we  take  into  account  d 
experiments  which  ha\'e  been  made  with  iridium,  a  most  e 
pensive  and  very  scarce  metal,  and  which,  if  equal  to  the  tequiie 
ments,  could  probably  not  be  procured  in  sufficienl  abundUK 
to  meet  the  demand.  Platinum  is  capable  of  being  raised  10 
bright  white  heat,  and  can  then  emit  light  of  dauling  brilbaoa 
It  has  also  the  advantage  of  being  practically  inoxidisable. 
critical  temperature  is,  however,  suddenly  reached  ;  that  is  to  sif 
above  a  certain  point,  a  slight  increase  of  tem|)erature  sulScesti 
produce  liquefaction,  and  therefore  to  cause  a  rupture  and  so  di» 
connect  the  circuiL  It  must  also  be  renjcnibered  that  the  rtaa 
ante  of  metals  increases  materially  with  an  exaltation  of  icmpcn 
ture,  a  (act  which  hastens  the  fracture  of  the  wire.  EITorts  ha* 
been  made  to  prevent  this  overheating  by  means  of  aulonutil 
regulators,  which  short-circuit  the  lamp  when  the  current  nfacbt 
B  certain  predetermined  strength,  and  so  cuts  off  tlie  current  jia 
^«I  the  moment  that  there  is  a  risk  of  breaking  the  wire.  Some 
;ifaese  are  clever  laboratory  expedients,  but  nothing  mure.  H  then 
had  been  restricted  to  metallic  conductors,  electric  lighting  t 
:e  wo\j\A  \oti^^\toj£.  \va.-itW«s>.^>.ven  up  as  f 
Carbon,  \irf«e:\-vii,  -kViiAvx^  a.  T.t>'A-TOt\aSi-«.\Kfei, 


':  conductor  of  electricity,  although  of  considerahly  higher 
e  than  platinum.  A  very  remarknble  feature  [ilt- 
-A  "^iog  to  it  is  that  its  resistance  decreases  \vith  an  increase  of  tcni- 
^^■■^TBture.  It  is  a  substance  which  cannot  by  any  ordinary  means  lie 
^-^E^lted  or  volatilised  (ahhougha  temperature  has  been  attained  at 
^I'^idi  it  becomes  flexible),  so  that  in  this  respect  it  is  superior  lo 
•  ^EMtinuin  or  any  other  of  the  metals.  It  however  oxidises  readily 
^fcr^Men  heated  in  an  atmosphere  containing  free  oxygen,  such  as  or- 
^'^  ^nary  air.  This  difficulty  was  for  a  long  time  insurmountable, 
^  ^t-hoiigh  many  efforts  were  made  to  overcome  it,  such  as  placing 
—  Tinder  a  glass  receiver  or  shade,  and  depriving  the  enclosed  air 
•^^~  its  oxygen  by  means  of  a  piece  of  phosphorus,  a  substance 
^"  ^tiich  oxidises  readily  at  ordinary  lempcraiures.  In  this  case,  the 
■■  ^^'bon  is  suspended  in  an  atmosphere  of  the  remarkably  neutral 
^■^C- inactive  gas  nitrogen.  But  even  such  an  arrangement  as  this 
*^  II] . I  soon  found  to  be  clumsy,  unsatisfactory,  and  in  fact  impracti- 
-■f  able.  Even  supposing  it  to  have  been  othem-ise,  the  carbon 
""**»ucorable  was  very  defective.  Thin  rods  of  graphite  or  gas-retort 
-^^ -carbon  such  as  is  used  in  the  Bunsen  cell,  or  sections  of  the  artifi- 
■i.illy  prepared  material  such  as  is  used  in  the  Leclanch^  cell,  were 
"*rj(;d  ;  they  could  not,  however,  be  obtained  of  sufficiently  small 
--  -^clioiial  area,  and  were  too  irregular  in  structure  to  prove  practi- 
^-^^^;^bly  useful.  Efforts  were  also  made,  and  with  a  better  prospect  of 
^^feuccess,  lo  accomplish  the  object  in  view,  by  placing  the  carbon  in 
"^-  "he  then  best  obtainable  vacuum.  The  vacua  were  for  a  very  long 
'^t-imc  far  from  perfect,  and  as  a  consequence  the  durability  of  the 
^«::aibons  was  ver/ brief,  but  when  it  was  shown  how  it  was  possible 
"^o  secure  an  all  but  perfect  vacuum,  a  fresh  impetus  was  given  to 
"^he  idea  of  lighting  by  the  incandescence  of  thin  pencils  or,  as  they 
"Mrere  subsequently  called,  filaments  of  carbon.  Since  then,  the 
Tcal  improvements  that  have  been  made  have  been  in  the  formation 
^iMd  fixing  of  these  filaments,  which  can  now  be  prepared  from 
^^Htaost  any  substance  having  a  large  proportion  of  carbon  in  its 
^^^bposition.  As  organic  substances  consist  to  a  great  extent  of 
^^^Bbon,  and  as  these  substances  can  generally  be  decomposed  some- 
^^^nt  readily,  it  is  only  natural  tiiat  they  should  form  the  basis  from 
^^^■^  the  ^laments  are  manufactured.  Filaments  as  theYacenoti 
^^Hdc  can  be  divided  inlo  two  classes,  (i)  those  m'w\v\t\v'Cne.^\aQa 


r 


i 
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sinicture  of  the  carbonaceous  body  is  reLiined,  and  (. 
which  the  original  or  organic  structure  is  altogeiher  daw 
during  the  process  of  manufacture,  and  the  material  lend 
thorougiily  liomogeneous.  To  the  first  class  belongs  the  E^ 
lamp,  and  to  the  second  class,  the  lamps  of  J>wan  and  the  tu) 
of  other  inventors.  It  is  a  remarkable  fact  that  Edison  ascw 
his  patent  that  to  give  the  carbon  the  highest  possible  resvion 
the  smallest  tendency  to  disintegration,  it  should  retain  its  9 
lal  character,  and  that  such  caibons  alone  possess  these  qu 
qualities  which  are  impaired  by  any  treatment  tending  to 
the  cells  or  pores  with  unstmciural  carbon,  or  to  incriasethe 
siiy  or  alter  the  resistance  of  the  fibre.  Swan,  on  theoiha 
maintained  that  the  structure  of  the  material  should  be  a 
destroyed,  and  the  carbon  filament  made  as  deusc  ss  po 
Although  good  and  efficient  lamps  can  be  manufactured  on 
of  these  principles,  experience  seems  to  show  that  the  lit 
homogeneous  filament  Is  the  better  of  the  two. 

In  attempting  to  deal  more  specifically  with  the 
incandescent  lamps,  we  are  met  with  two  serious  difficullies 
first  is  due  to  the  enormous  number  of  processes  whkh 
.  been  introduced,  but  to  the  great  majority  of  which  the  limit 
purpose  of  this  work  will  not  permit  us  to  refer.  Legal  doa 
which  have  been  given  in  recent  actions  between  the 
makers,  have  however  considerably  reduced  the  Dumber 
variety  of  processes  actually  in  use.  The  second  difficulty 
really  from  a  kind  of  jealous  fear,  for  (he  practical  makers  ofl 
regard  their  methods  as  secrets  which  it  is  their  boundciL 
to  keep  religiously  to  themselves. 

It  might  have  been  gathered  from  what  has  already  bee 
that  the  chief  desiderata  in  a  good  lamp  are,  (i)  that  the  fill 
shall  be  sealed  in  an  airtight  vacuous  glass  vessel ;  (a)  that  el 
means  shall  lie  provided  for  connecting  the  filament  with  ^ 
temal  circuit ;  (3)  that  the  filament  shall  offer  considetable. 
ance  ;  (4)  that  it  shall  have  a  small  mass,  so  that  its  tempe 
shall  be  raised  as  much  as  possible  by  a  given  quantity  of 

(5)  that  it  shall  be  durable  at  high  temperatures  in  a  vacuum 

(6)  that  l\\e\a«vf  s,\\a.\\  V«  (^M^aVAcof  being  manufactured  at » 
cost,  and  ot  awj  Ae%««&  fi\Ttv^v,'i\ow'i 
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action  hiw  been  of  just  sufficient  duration,  but  not  hsling  to 
the  change  from  the  fibrous  to  the  homogeneous  stue  mil  bi 
readily  seen.  It  should  then  be  placed  in  water,  weUwasliedu 
dried.  The  dr>-ing  is  best  performed  by  stretching  the  tbrai 
gently  in  a  straight  line,  or  if  too  lengthy,  over  s  setio  i 
pulleys.  If  the  thread  is  left  in  the  acid  too  long,  the  sef 
lion  is  carried  too  far  and  the  thread  weakened,  so  much  ;ii  u  i 
to  be  able  to  bear  its  own  weight  even  in  a  length  of  a  (m  indu 
The  same  thing  happens  if  the  thread  on  being  removed  fromtl 
acid  is  placed  on  a  piale  or  piece  of  glass,  instead  of  beiiiE 
once  immersed  in  the  water ;  the  acid  remaining  in  the  ihit 
completes  the  dissolving  process  and  liquefaction  eiuues.  It 
possible  to  remove  the  thread  from  the  acid  too  soon,  the  dd 
then  being  that  the  destruction  of  its  fibrous  character  ii 
partly  performed. 

The  thread  having  dried,  it  is  next  cut  to  a  unifonn  pi 
throughout,  which  is  done  by  drawing  it  through  a  series  of  jo 
dies  decreasing  slowly  in  diameter.  It  is  then  subjected  to  I 
process  of  '  carbonising,'  or  converting  it  into  a  solid  Cirbm^ 
ment.  The  thread  is  first  wound  on  a  frame  consisting  uft 
round  cnrbon  or  porcelain  rods  kept  in  position  by  bein|  b 
into  holes  in  two  side-pieces.  The  rinind  rods  are  suffidenltj: 
apart  to  make  each  bend  of  the  thread  correspond  to  one  fit 
for  it  is  in  the  process  of  carbonising  that  the  filament  is  definh 
shaped.  In  order  to  make  the  loop,  which  was  at  oi 
the  characteristic  features  of  the  Swan  filament,  the  thread  iiiw 
twice  round  one  of  the  carbon  rods  in  the  frame  before  pMS>|B 
the  other  rod.  One  object  of  this  formation  is  to  get  a  k 
ment  in  a  comparatively  small  bulb.  The  frame  having" 
filled,  pieces  of  cardboard  are  placed  on  its  sides  or  &ces  10  pi 
accidental  injury  to  the  threads,  the  whole  being  then  n 
round  with  paper.  A  number  of  such  parcels  is  place' ' 
cible  or  cast-iron  box,  until  the  vessel  is  nearly  full. 
charcoal  having  been  shaken  over  the  contents  to  fill  upanjip 
tliat  may  have  been  left,  the  lid  is  placed  in  position,  and » 
tight  joint  made  with  a  little  fireclay.  As  the  powdered  ei 
gels  hot  il  a\iso\\^aw)  ^ite. o-ej^cm  «Kax-wsi^  'oe.vQ.theCfl 
and  tjrevente  an-j  ©iW.m%  w.  -i^vt  WaOT«Ws.-.-«w--  -' 


ispccdily  destroy  tliom.  The  crucible  Ijcing  tlius  prfparod, 
ced  in  a  suitable  furnace  and  raised  slowly  to  a  white  heat, 
^dual  increase  of  temperature  is  important  in  determining 
Tiipeliness  of  the  filament.  Too  rapid  an  increase  in  lem- 
ure  would  alter  the  dimensions  of  the  frame  and  cause  the 
ds  to  sag,  so  that  the  form  of  the  filaments  would  be  more  or 
listorted.  The  high  temperature  is  necessary  to  render  the 
n  hard  and  durable,  to  increase  its  conductivity,  and  to  reduce 
pacity  for  holdmg  atmospheric  and  other  gases  within  its 
.  This  last-mentioned  _feature  is  not  only  interesting,  but  it 
)  fraught  with  the  utmost  importance.  All  substances  are 
or  less  porous,  and  have  the  power  in  varying  degrees  of 
ig  gaseous  particles  within  those  pores,  a  power  or  property 
a  as  occlusion.  As  the  temperature  of  a  body  rises  these 
us  particles  expand  and  force  themselves  through  the  sub- 
;,  frequently  causing  minute  fissures  ;  with  some  substances 
I  do  not  liquefy,  such  as  carbon  in  its  ordinary  form,  this 
■  of  occluding  gases  returns  with  a  resumption  of  the  nonnal 
■rature.  It  is,  therefore,  imperative  that  the  nature  of  the 
n  should  be  so  altered  as  to  prevent  this  taking  place.  Hence 
tcessity  for  thorough  carbonisation  at  a  high  temperature, 
lis  alteration  in  character  of  the  carbon  is  continued  in 
sxt  process,  which  is  that  of  'flashing.'  Before  proceeding 
ihis  process,  however,  the  filaments  are  cut  to  about  the 
d  length,  sufficient  margin  being  allowed  for  making  connec- 
ith  the  platinum  wires,  which  pass  through  the  bulb  to  the 
al  circuit.  The  filament  is  then  held  by  a  pair  of  clips 
cted  with  suitable  terminals,  by  means  of  which  a  dynamo, 
ter  stiil,  a  battery  of  secondary  cells,  can  be  joined  on.  The 
ided  filament  is  then  placed  in  an  atmosphere  of  some 
-carbon,  more  generally  ordinary  coal-gas  {which  is  rich  in 
n),  and  traversed  by  brief  currents  sufficiently  strong  to  raise 
portions  of  it,  to  a  white  heat.  The  effect  of  this  process  is  to 
Uy  decompose  the  gas,  which  is  at  the  ordinary  atmospheric 
jre,  and  to  cause  a  deposition  of  carbon  particles  on  the  sur- 
)f  the  filament  Should  there  be,  as  is  generally  the  case, 
nequality  in  the  iihrnent,  causing  a  variation  \Tv  \\.STesi3a.'Mit, 
yrtioi:  will  be  raised  to  a  higher  temperatMiC  ^.Vtaiv  aivQX^M, 
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and  upon  this  hotter  section  a  greater  deposit  of  carbon  will  tal; 
place.     The   flashing   jirocess   is   therefore   continued  uoul  the 
carbon  assumes  a  uniform  temperature,  that  is  to  say,  uniil  u 
becomes  uniformly  luminous  throughout.     The  process  also  servw 
to  reduce  the  power  of  occluding  gases  in  the  inleisiices  benrctn 
the  particles.      The  filament   is    next    placed   in   an  exhausted 
ivceiver,  and  a  continuous  current  passed  through  it,  the 
being  that  the  caibon  is  hardened,  the  conduciivily  increased, 
the  power  of  occlusion  eventually  destroyed  j  but  to  bring 
these  results  the  temperature  must  be  raised  to  a  while  heal, 
current  being  maintained  until  the  resistance  is  reduced  almosti 
the  required  limit.     The  final  flashing  niay,  howev 
until  the  filament  is  fixed  in  the  bulb  and  ready  for  flnishing 
Platinum  wires  are  always  employed  in  mounting  the  filamenis,, 
it  is  the  only  meial  which  has  a  coefficient  of  expansion 
equal  to  that  of  glass  ;  that  is  to  say,  it  expands  or  c 
variations  of  temperature  at  almost  exactly  the  same  rale  as  gl 
so  that  it  can  be  fused  into  that  material  without  any  risk  of; 
subsequently  fracturing  the  glass  on  cooling.     The  wires  are 
fused  along  the  sides  of  a  short  piece  of  glass  rod,  or  havea  lii 
molten  glass  twisted  round  them  while  they  are  held  in 
In  the  former  case,  a  piece  of  glass  tubing  is  fused  over  then^    t^ 
thereby  encasing  the  wires  for  a  portion  of  their  length.  "^ 
connection  with  the  carbon  is  made  by  flattening  out  the  end 
the  wires  into  minute  plates,  which  are  then  bent  gently  round 
ends  of  the  filament,  to  which  they  are  fixed  with 
cement     The  joint  is  completed  by  carbonising  the  cemrai 
means  of  a  strong  current  sent  through  it.     Instead  of  usinglh     iX, 
cement,  the  joints  are  sometimes  perfected  by  immeision  i)l    jtii 
hydro-carbon  liquid  or  gas,  the  filament  being  short'ciKuiteJui 
the  joints  raised  to  incandescence  by  a  strong  current,  cai 
decomposition    of   the    hydro -carbon,  and   a  deposition  of         __ 
carbon  upon  the  joints.     There  are  several   other  iMlhods* 
mounting,  but  they  are  mostly  based  upon  or  are  modificalioruoi 
those  above  described. 

The  next  process  is  that  for  exhausting  the  bulb  of  ils 
tained  air  and  mo^&'CMe.     *X\\\^  ^vas.  la  \ic  i^tiTOied  cartMI|i 
and  it  is  here  t\va.v  soxaa  o^  ■iie  i^aM-ess.  &S&s.Ni&as. 
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Consequently  as  earh  piston  passes  ihe  junction  of  *,  4e 
r  is  swept  out  little  by  litllc  until  finally  a  very  good  \ 
I  otiiained  in  R.  When  the  degree  of  rarefaction  becomes  mniidtt- 
I  able,  the  pistons  fall  smartly  upon  the  column  of  mercui)'  ind 
give  oat  a  distinct  metallic  ringing  sound.  This  hammering  ht- 
tjueatly  sets  up  such  strong  vibrations  as  to  ftaaure  the  glut; 
and  it  is  this  which  rea.l1y  limits  the  length  of  the  shaft 
mercury  £ills  on  the  barometric  column,  an  equal  quontit]'  is,  if 
course,  driven  out  at  the  lower  end,  carrying  with  it,  also,  the 
bubbles  of  air  which  separate  the  little  plugs.  The  memny 
collected  in  h  is  repbced  in  a  as  necessity  arises.  This  [ 
is  also  very  long  and  tedious. 

The  exhaustion  can  be  materially  hastened  by  employii^t 
good  mechanical  air-pump  to  exhaust  the  system  as  far  as  p( 
sible  by  mechanical  means,  the  process  being  afterwards  roi 
plctcd  with  the  mercurj-  pump.  A  simple  barometer  gauge  c 
also  be  used  to  indicate,  by  the  height  of  its  contained  mcroiiji 
the  degree  of  exhaustion  obtained. 

These  are  the  two  systems  of  pumps  tipon  which  the  apf* 
ratus  actually  employed  in  enhausting  incandescent  lamp  bulls  il 
based.  These  simple  forms  are,  however,  open  to  i 
objections.  A  film  of  air  always  attaches  itself  to  the  surfe 
of  glass,  and  at  times  some  difficulty  is  encountered  in  gcUiH 
rid  of  it  Air  is  also  sopi»sed  to  be  confined  in  the  nierciu| 
itself,  but  there  is  some  doubt  on  this  point-  To  get  rid  of  « 
impurities  the  mercury  should  always  be  distilled,  and  ih 
allowed  to  get  dirty  by  contact  with  brass  or  any  other  subsUi 
which  it  is  likely  to  attack.  Ordinaryair  always  contains  more  a 
less  moisture,  and  to  gel  rid  of  this  the  air  as  it  is  exhausted  fr 
the  lamp  bulb  is  made  to  pass  through  sulphuric  acid  or  pli 
phoric  anhydride  in  order  to  dry  it  before  it  is  allowed  to  en 
the  pump.  Grease  used  for  lubricating  taps  is  also  injurious  lie 
similar  reasons,  and  should,  therefore,  be  avoided.  Taps  thcw- 
selves  are  serious  offenders.  No  matter  how  perfectly  iheyai 
made,  they  must  allow  some  air  to  enter  the  pump,  moreesptd 
ally  when  high  vacua  are  obtained,  and  when,  therefore,  the  pM 
sure  of  iheouteT  avioT\.i^vi^a^\s-^tv^i;jat\<'AH.-ci!tAii,  To  ove 
this  difficu\tv,  xa-vs  mc  noiii  »\?(a^»isA.\o.  •&«.  «: 


S/irfii^v/  J'rnit/> 


537 


gital 
Kthe 


The  oUicr  tyiw  of  mercurial  pmiip  to  wliich  we  haie  referred 
;h(;  Sprengel,  the  fundamental  princijik-  of  which  is  illustrated 
fig.  269.     It  consists  of  a  stout  glass  iuIjc,  f  li,  39  or  40  inches 

with  a.  branch  x  con- 
ned to  the  vessel  r  to  be 
lausted.  A  large  funnel- 
iped  reservoir,  A,  supported 

a   stand,  is  connected  to 

by  means  of  a  piece   of 
lia- rubber  tubing,  the  size 

the  channel  through  it 
ng  adjustt^d  by  means  of  a 
ich-cock.  The  lower  end 
<■  ti  dips  below  the  surface 
'the  mercury  in  the  flask  d, 
lich  is  furnished  with  a 
a  little  higher  than  the 
in  order  to 
Che  mercury  to  pass  out 
the  reservoir,  H.  The 
>ch-cock  is  so  adjusted  as 
ly  to  allow  the  mercury  to 
ss  down  the  shaft  a  drop  at 
.ime.  Each  drop  constituti^s 
plug  or  piston  which  fits 
)sely  to  the  sides  of  the 
iss  and  in  its  descent  drivos 
fore  it  any  air  that  may 
ppen    to    separate    it   from 

;   drop    beneath  it      The  _ 

ift  cii  is  to  all  intents  and  '^^i^=.-= 
rposes  a  barometer,  so  that  the  drops  of  mercury  accumulate 
til  a  column  is  formed  about  30  inches  high,  the  actual  height 
pending  upon  the  counter- pressure  of  the  outer  air  at  the 
lie  being.  Hence  the  distance  which  the  mercury  pistons  ulti- 
Itely  fall  is  only  9  or  10  inches       It  will  be  evident  that  as 

Eps  fall,  and  tend  to  establish  a  vacuum  above  them,  the 
I  expands  and  part  of  it  occupies  lV»\a  ol.Veni\se.NM»nMs. 
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bubbles  usually  find  their  way  to  the  surface  of  the  glass  ai 
slide  upwards  with  the  mercury.     This  fact  permits  the  adoiHia 
of  a  very  simple  but  effectual  fomi  of  '  air-trap,'  as  shuim  neat  A 
Pi    .^  top  of  the  tube  D.   Ill 

tube  is  at  tlus  paii 
enlarged  to  a  bull 
through  the  top  t 
which  is  fused  the  tuiii 
leading  to  e.  This  inne 
tube  is  open  at  io 
loww  end,  which  is  dca 
of  the  outer  tube,  M 
that  the  mercury  a 
rising  passes  freelf 
through  it  t 
the  pump,  while  the  air- 
bubbles  coniinue  their 
course  along  the  sui£iC8 
of  the  glass,  and  an 
consequently  arrested  of 
trapped  in  the  uj^ 
[lart  of  the  bulb. 

A  more  ela  bonne 
form  of  the  same  piini]] 
is  shown  in  fig.  aji.  fw 
which  wc  are  indcb(«l 
to  the  Council  of  tl>e 
Society  of  Arts. 

The  supply  vessel  * 

communicates  by  a  long 

flexible     tube    with 

forked     tube   c     Th 

tube  on  the  left,  which 

is     controlled     by    the 

prnch-cock  r,  leads  through  two  air-traps,   n,  m,  to  a  McLeod 

pressure  gauge,  an  appliance  used  for  measuring  the  pressure  in 

very  high  vacua  wWie  xVe  o^S\wi.vj  TCnian'i.  q^  TOaasMTCment 

•  available.     The  pTocess 
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with  the  collecting  vessel  so  as  to  allow  the  mercury  aficr  it  ha 
passed  through  the  pump  to  refill  it.  In  experimenting  it  is  sonu- 
limcs  necessary  to  count  the  number  of  times  this  vessd  is  rased; 
this  is  done  automatically  by  the  tubes  dt  and X?  with  thcaidcfi 
few  leaden  shot,  one  shot  hdng  made  to  fall  from  the  uppertodic 
lower  tube  every  lime  the  vessel  a  is  raised.  Mr.  Giminghamhu 
experimented  very  extensively  with  mercurial  pumps,  and  findi 
that  39  inches  is  the  best  length  for  the  fall-tube.  He  ays  iha 
'  An  experiment  recorded  in  my  tiote-boolt  with  a  five  fall  tobe 
pumpwhosetubeswc-reat  first  made  33  inches  longhand  ihcimwe 
lengthened  to  39  inches  by  sealing  pieces  to  their  lower  ends,  shons 
that  by  passing  the  same  quantity  of  mercury  through  at  the 
rate,  a  certain  globe  was  exhausted  in  the  first  case  to  50  mm. 
pressure,  and  in  the  second  to  i  mm.,  showing  a  great  increase  in 
iherateofe.xhaustion,  due  to  the  extra  6  inches  of  fall-tube.  Ontf* 
other  hand,  if  iheybemadeof  a  greater  length  than  39  inches  the  dll 
of  the  mercury  at  the  high  exhaustion  causes  such  severe  hammer- 
ing that  the  tubes  are  liable  to  be  fractured.' 

From  other  experitnents  he  deduced  that  in  the  higher  stages 
of  the  exhaustion,  the  air  particles,  instead  of  being  swept  out  by 
the  pistons,  are  taken  out  by  a  process  of  entanglement  with  the 
mercury. 

Mr.  Swinburne  has  invented  an  exceedingly  simple  and  useful 
pump  (fig.  272).  It  consists  of  a  bulb,  a,  on  a  long  shaft,  c,  wiiicli 
passes  dirough  an  air-tight  stopper  nearly  to  the  bottom  <A  the 
bottle  B.  The  bulb  is  drawn  to  a  point  at  the  top,  and  the  lubt 
is  enlarged  into  a  little  bulb  at  C.  It  is  again  contracted  vflierr  il 
joins  the  valre  tube  d.  From  the  top  of  u  there  is  a  tube  to  i1 
globe  E  communicating  with  the  tube  f,  which  serves  for 
number  of  pumps  and  in  which  a  vacuum  is  maintained  by  a 
mechanical  pump.  H  leads  to  the  drying  tube  1,  and  J  lo  ti* 
branch  tube  on  which  the  lamps  are  sealed.  The  pump  is  stwed 
by  opening  the  tap  l,  but  the  bent  tube  leading  into  the  globe  K 
is  drawn  very  fine  so  that  the  exhaustion  takes  place  gradually. 
The  bending  in  this  tube  prevents  any  globules  of  mercurj'  thai 
may  be  drawn  over  into  e  from  getting  into  the  vacuum  tube  ?■ 
When  the  vacuum  "va  \.\ve  v^vnij  ■i.vA  \it«i^  "wsi  lieea  brought  ttt 
ibout  ha\f  an  mch,  comxnM\v.i:ii\\cfl\  -wA^  ^  -e.  <3a.  -saNs^  -rnKKSKi,^ 


Swinburne  Pump 

kand  the  tap  k  is  opened,  and  a  higher  vacuum  developed 
Igecting  the  mercury  in  b  to  alternations  of  ordinary  aimo- 
|c,  and  high  air  pressure,  j^^ 

'height  of  the  mercury 
n  in  the  sliaft  G  is  that 

to  the  ordinary  atuio- 
ric  pressure  in  B,  so  that 
I  the  high-pressure  air 
Bds  through  k,  the  mer- 
|b  driven  past  the  open- 
if  the  tube  h,  through  the 
or  pump-head  a,  through 
i  half  way  up  the  tube  d. 
extra  pressure  being  now 
ived  from  u,  the  mercury 
;nds,  the  valve  in  d  closing 
Opening  into  c  before  it 
ktl  fallen  so  that  the  valve 
lied  by  the  mercury.  The 
ury  continues  to  fall  till 
ches  the  level  G,  whence 
[her  exhaustion  by  exfjan- 
from  the  lamp  bulbs  takes 
:    This  small  quantity  of 

in  its  turn  e\pelled,  and 
leisslcr  action  continued 
necessary  degree  of 
1  has  been  obtained, 
little  bulb  c  is  introduced 
event  the  mercury  rising 
hitting  the  valve  smartly 
,  the  exhaustion  ap- 
:hes  coiiipletion.  Were 
owed  to  do  so  the  air 
probably  be  driven 
the  side  of  the  glass 
Slick  there.      It  will  be 

( that,  as  the  passages  both  above  and  beXo'S  Ti  ait  e,■*L■l^i'i^.c&.^ 

■niaJJ  pressure  will  suffice  to  raise  the  \o.\\e. 
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Reverting  to  fig.  269,  it  will  l)cap|Mrenl  thai  if  theaimosphox 
pressure  in  it  is  reduced  the  mercury-  colutnn  in  the  shaft  iif& 
be  shoriencd,  whence  a  shorter  shaft  will    suffice.     In  pumps  of 
this  (tattem  recently  devised  by  Mr.  Steam,  there  are  ibret 
tubes,  each   10  inches   long,  completely  enclosed 
exhausted  chamber. 

Such  pumps  are  finding  considerable    favour,  but  they 
duce  a  further  risk,  for,  if  anything  hapfiens    to  interfere 
the  partial  ^-acuum,  the  mercury  will  be  driven  up  with 
able  force   and  gel  into  the  upper  parts  of  the  punip, 
breaking  it. 

Many  suggestions  have  been  made  to  heat  portions  of  lie 
mercury  pump  with  a  view  to  hastening  its  action,  and  puraps  hire 
b<^en  constructed  to  suit  this  purpose,  but  they  do  not  seem  It 
have  met  with  much  success  in  practice.  \'acoa  can  nc 
obtained  far  in  advance  of  the  actual  requirements,  the 
perfect  vacua  being  developed  by  the  absorption  of  theraiU 
gas  after  the  exhaustion  has  been  pushed  as  far  as  possible  bftei 
mercury  pump.  This  is  done  either  mechanically  or  by 
some  substance  with  which  the  air  particles  combine  dumn 
Dewar  has  produced  a  vacuum,  which  he  estimates  atiJt*' 
millimetre,  by  heating  charcoal  to  redness  in  the  vessel  «l 
by  ihj  Sprengel  pump. 

Mr,  W.  Crookes  says  he  has  obtained  a  vacuum  of  one-hl 
of  a  millionth  of  an  atmosphere,  which  is  equivalent  looaM 
of  an  inch  at  the  top  of  a  barometer  tube  aoo  miles 
That  would  appear  to  be  an  almost  perfect  vacuum ;  but  mil 
the  sraallness  of  the  molecules  of  matter,  that,  were  a  snuB 
containing  a  centimetre  of  air  exhausted  to  that  extent,  there  1 
still  be  left  in  it  ten  billion  molecules. 

Although    it  is,  evidently,  a  comparatively  simple  maUCt' 
obtain  the  degree  of  exhaustion  necessary  for  incandescent' 
there  are  several  causes  fora  deterioration  manifesting  itseVioi 
vacuum  after  the  finished  lamp  has  been  kid  aside  for 
such  as  the  occlusion  of  gases  by  the  carbon  and  platini 
by  the  cement  employed  to  connect  them  together,  and  tbfl 
thin  film  of  air  which  is  liable  to  adhere  to  the  inneri 
In  order  to  expel  these  gases,  the  filament' 
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ttndescence  during  the  later  stages  in  the  process  of  exhaustion, 
tbe  heat  is  applied  externally. 

The  lamp  having  been  sufficiently  exhausted,  the  small  glass 
te  connecting  the  bulb  to  the  exhaust  tube  is  fused,  drawn  out 
a  thread,  and  the  lamp  sealed  off. 

It  remains  now  to  test  its  efficiency,  that  is  to  say,  the  amount 
hght  emitted  for  a  given  electrical  power,  A  lamp  may  be 
.d  to  have  a  very  good  efficiency  if  it  yields  one  candle-power 
return  for  3*5  watts,  so  that  an  average  16  candle  power  lamp 
ould  absorb  56  watts. 
The  vacuum  is  usually  tested  by  means  of  an  induction  coil; 
le  method  is  to  fuse  two  platinum  wires  into  a  glass  tube  leading 
the  lamp,  and  simultaneously  exhausted  with  it,  and  to  connect 
;se  wires  to  the  terminals  of  the  secondary  coil.  The  distance 
;ween  the  ends  of  the  platinum  wires  inside  the  tube  is  so 
usied  that  when  the  required  degree  of  exhaustion  is  attained, 
spark  passes  through  the  air  outside  the  tube,  in  preference  to 
'ersing  the  vacuous  space  between  the  platinum  points.  An- 
er  method  applicable  to  the  finished  lamp  is  to  connect  one 
I  of  the  secondary  to  the  filament,  and  the  other  to  a  loop 
md  outside  the  bulb,  the  quahty  of  the  vacuum  being  deter- 
led  by  the  relative  feebleness  of  the  discharge  which  takes 
;e  between  the  filament  and  the  bulb.  It  should  be  observed 
^  in  a  badly  exhausted  lamp,  not  only  does  the  filament  '  bum,' 
■  is  oxidise,  but  it  also  requires  a  greater  amount  of  heat  to 
e  and  maintain  its  temperature  at  the  required  point,  owing  to 
fact  that  the  air  particles  carry  a  portion  of  the  heat  away  by 
vection. 

The  'life'  of  an  incandescent  lamp  or  the  number  of  hours 
-  it  can  maintain  iliumination  >arie5  considerably.  Some  fila- 
Hs  fracture  in  a  few  hours,  while  others  will  last  for  years,  and 
have  seen  one  which  had  been  burning  steadily  for  at  least 
3o  hours,  and  at  a  good  efficiency.  It  will  be  obvious  that 
life  of  the  filament  must  in  a  great  measure  depend  upon  the 
ngth  of  the  current  which  is  sent  through  it.  If  a  compa'a- 
ly  feeble  current  is  employed  the  lamp  will  last  much  longer 
n  it  would  with  an  abnormally  powerful  one,  ■  On  the  other 
id,  the  luminosity  increases  much  more  rapidly  than  the  current 
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strength,  so  that  the  question  really  resolves  itself  into  one 
Coirparali%'e  expense.  A  lamp  thai  is  burning  low  yields  a 
lower  efficiency,  but  lasts  longer,  than  one  of  the  same  type 
is  brillianlly  illuminated  ;  but  it  maybe  accepted, generally, thai 
is  more  economical  to  run  lamps  at  a  high  than  at  a  low  efGdaW| 

The  filament  of  the  Edison  lamp,  extensively  employed  I) 
America,  is  made  from  bamboo,  which  is  carefully 
fine  strips  of  the  required  length,  provided  vfith  little  enl 
ments  at  the  extremities  to  facilitate  the  fixing  to  the  pbt 
wires  which  are  fused  through  the  bulb. 

The  carbonising  and  subsequent  processes  are  similai 
principle  to  those  already  described,  the  method  of  fixing 
carbon  to  the  platinum  being,  however,  somewhat  diffcrtnL 
flat  ends  of  the  carbon  are  mechanically  gripped  by  the  pbii 
and  the  junction  is  made  electrically  perfect  by  a  small  coaiiD| 
copper  deposited  electrolylically, — that  is  to  say,  (he  joint  is 
nccted  to  the  negative  pole  of  a  bittery  and  is  then  placed 
bath  or  vessel  containing  a  solution  of  copper  sulph; 
is  immersed  a  copper  plate  connected  to  the  positive  pole  of 
battery.  As  the  current  passes  through  the  solution,  cp!j« 
particles  are  dissolved  off  the  copper  plate,  and  an  equal 
of  particles  precipitated  upon  tiie  joint  Electrical  c( 
is  in  this  way  ensured,  but  during  the  subsequent  working  of 
lamp  there  is  a  tendency  towards  the  disintegration  of  ihecof 
which  is  sometimes  deposited  upon  the  inner  surface  of  the  I 
as  a  thin  metallic  film. 

Such  are  the  general  features  pertaining  to  the  construoiosi 
the  Swan  and  Edison  tamps;  but  the  commercial  interests  in  im 
have  been  amalgamated,  and  the  distinction  between  thoi 
therefore  less  marked  than  formerly,  the  Edison  lamp  poRi 
simple  being  now  obsolete  in  England. 

For  ordinary   purposes   the   filaments  of    the  Edison5« 
lamps  are  shaped  either  as  single  or  double  loops.    Thetci 
however,  several  ways  in  which  connection  is  made  bels'Wii 
lamp  and  tlie  external  circuit,  involving  a  corresponding  n 
the  form  of  the  lamp-holders. 

Figs,  273  to  275  illustrate  the  methods  more  gcnenHy^* 
fflloyed  for  connecting  the  filament  to  the  external  circuit.  \a.\ 


^375  illustrates  the  conneciion  known 
;  Edison  screw,  in  wliich  one  end  of 
the  filanunt  is  connected  to  the  coarae 
screw  thread,  and  the  other  to  the  insubu.'d 
brass  stud  projecting  from  the  botlom  of 
the  lamp.  This  afibrds  another  raeans  of 
throwing  the  lamp  in  circuit  by  the  a 
placing  it  in  its  holder,  which  is  proridtd 
with  a  corresponding  brnss  screw  thread, 
and  a  small  brass  disc  mounted  on  a  spring, 
which  maintains  contact  with  the  sludon 
tlie  lamp. 

Lamp-holders  are  sometimes  prov-ided 
with  small  switches  for  making  and  breiting 
the  lamp-circuit,  the  switch  action  being 
generally  controlled  by  a  tap  handle  similar 
to  those  used  for  gas-bumers.  In  the 
Edison  socket,  as  made  by  the  IValsall 
Electric  Co.  (fig.  275),  the  tap  carries  a  cam,  which  works  against 
the  curved  edge  of  a  brass  strip,  causing  a  to-and-fro  movement  of 
the  spindle  which,  in  the  position  for  lighting,  premises  a  brass 
spring  against  the  stud  on  the  bottom  of  the  lamp.  It  reltases 
with  a  snap  action.  Lamp-switches  are,  however,  more  generally 
independent,  and  fixed  in  convenient  positions  on  the  wall,  &e, 
and  one  or  two  forms  of  them  will  be  described  in  the  foUowini 
|.      chapter. 

^^      Fig.  376  illustrates  a  form  of  lamp  designed  to  overcome  a 
^■tiRicultj  experienced  hitherto  whea  tising  incandegcent  h 
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for  optical  lanterns,  as  well  as  iti  other  cases  where  the  source  of 
I^hl  should  be  small  and  approximate  as  nearly  as  possible  to  a 
point.  The  shape  of  the  filament  is  that  of  a  flattened  spiral,  form- 
ing a  square  grating  constructed  so  that  when  fully  incandesci;nt  it 
produces  a  square  of  intense  ^.^^  ^^^ 

luminosity,  the  light  from  which 
is  wholly  gathered  up  by  a  con^ 
densing  lens  in  the  focus  of 
which  the  lamp  is  placed,  and 
gives  a  perfectly  uniform  disc 
of  light.  This  would  not  be 
the  case  if  an  ordinary  incan- 
descent lamp  were  used. 

The  lamp  is  mounted  in  a 
brass  collar,  with  a  shank  lo  it, 
through  which  passes  a  flexible 
cord  for  leading  the  current  to 
the  lamp.  A  convenient  holder 
is  also  made  for  the  shank  to 
fit  into.  It  is  provided  with  a 
set  screw,  by  means  of  which 
the  lamp  may  be  varied  in 
height  or  turned  round ;  the 
holder  is  made  with  screw  holes 
for  screwing  on  to  a  block,  or 
it  may  be  soldered  lo  the  metal 
bottom  of  the  lantern. 

The  lamp  is  made  in  two 
si/es  (d)  35  to  55  volts,  giving 
about  soc.  p.  {b)  8o  to  loo 
volts,  giving  about  loo  c.  p. 

Incandescent  lamps  of  the  ' 
ordinary  type  are  also  made  of  high  illumin.iiing  power,  equal  to  that 
of  300,  500,  and  1,000  candles.  These  lamps  are  suitable  for 
interior  lighting  in  public  buildings  and  factories,  and  in  other 
situations  where  a  jiowcrful  and  steady  light  is  required. 

In   proportion  lo   tlif-ir  actual  c.  p.,  these   lamps  are  more 
economical  to  instal  than  groups  of  small  incandescent  lamps; 
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mple;  tbe  200  c  p.  lamp  gives  a  light  equal  to  12  w  13 

mps  of  16  c  p.,  bat  costs  only  twice  as  much  as  a  16  c  p.  Um|v 

h  the  expenditure  of  energy  per  candle-power  is  In  each  case 

'  csamc. 

e  high  c  p.  binps  are  fitttxl  with  strong  lirass  terrainak, 

a  special  form  of  holder,  which  su[>ix>rts  the  lamp  at  the  nsHt, 

tikes  the  sitain  off  (he  terminals,  and  can  be  readily  adapted  to 

any  fonn  of  fining,  beii^  provided  with  a  screw  thread  of  standaid 

pitch — ustully  I  inch  male  gas  thread. 

Tbe  following  table  supplied  by  the  makers  is  interestiDg  is 
showing  the  approximate  £.u.f.  and  current  required  fcv  ibc 
lariotis  classes  of  Edison-Swan  lamps  :~ 

I  Hliout  3  itOu  ft  -«  ampms  w  abow  8  *ote  ft  "j  uip«s 


All  lamps  taking  less  than  '9  ampere  arc  marked  at  4  trails 
per  candle,  and  all  lamps  taking  more  than  9  ampere  at  35  waiB 
per  candle.  It  is  of  cour^  optional  for  consumeis  to  run  the 
lamps  at  higher  efficiencies,  if  under  the  circumstances  ihey  con- 
sider that  the  higher  efficiency  com|iens.ates  for  the  shonei  Ilfc 
Assuming  an  efficiency  of  35  watts  per  candle,  it  follows  that  746 
watts,  or  one  electrical  horse-power,  expended  in  the  filamenis  mnild 
producealight  of  Z13  candle-power,  an  equivalent  to  that  of  ihiitera 
16  candle-power  lamps.  But  the  power  developed  by  the  dynamo 
IS  frittered  doivn  by  the  resistance  of  the  leads,  &c,  so  that,  in 
pracliue,  not  more  than  ten  16  candle-power  lamps  can  be  main- 
tained per  horse-power  generated. 

I^mps  are  sometimes  silvered  over  one  half  of  the  bulb  when 

the  light  is  required  to  be  reflected  in  one  direction  instead  of 

taj^emg  distributed  all  round.     But  in  this  case,  the  plane  of  the 

^H^nent  should  always  be  placed  in  a  line  with  the  object  i(  is 
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sought  to  illuminalc,  as  the  light  o!)tained  from  the  lamp  is  always 
greater  in  that  direction  than  in  the  direction  at  right  angles  to 
the  phne  of  the  filament.  Artistic  effect  is  also  sought  by  colour- 
iDg  the  bulbs  to  suit  the  surroundings,  although  this  involves  a 
loss  of  light,  as  certain  of  the  rays  are  absorbed  by  the  glass,  the 
actual  percentage  so  lost  being  governed  by  the  particular  colour 
employed.  This  absorption  is  altogether  independent  of  the  loss 
caused  by  the  density  or  opacity  of  the  material. 

The  Edison-Swan  lamps  are  as  a  rule  only  made  for  pajailel 
working,  that  is  to  say,  they  are  all  joined  across  the  same  pair  of 
leads  or  mains,  so  that  the  current  from  the  dynamo  or  other  source 
divides  between  the  various  filaments.  Of  course  it  is  possible  to 
join  two  or  more  lamps  in  series,  but  under  such  circumstances 
the  fracture  of  the  filament  in  one  lamp  involves  the  extinguishing 
of  the  other  lamp  or  lamps  in  series  with  it.  If,  therefore,  all  the 
lamps  in  a  circuit  were  joined  in  series,  the  failure  of  one  lamp 
would  result  in  a  total  disconnection  of  the  circuit.  The  prallel 
system  lias  many  advantages.  There  is  no  risk  of  receiving 
a  serious  shock  on  touching  the  mains,  as  the  total  potential  dif- 
ference is  only  that  necessary  for  one  lamp,  which  rarely  exceeds 
loo  volts  or  thereabouts.  If  one  of  the  branch  leads  should  be- 
come broken,  only  the  lamp  on  that  branch  will  be  thrown 
out  of  use.     The  means  available  for  connecting  the  lamp  to  the 


The  insulation  of 
ivith  high  potential 

n  a  large  installation 
St  be  employed, 
J  cause  a  serious 


supply  wires  are  of  the  simplest  descriptio 
the  mains  is  a  matter  of  less  difiiculty  than  i 
circuits. 

On  the  other  hand,  the  cost  of  the  n 
is  very  considerable,  for  large  conductors  i 
Otherwise  their  resistance  would  be  so  high  as 
waste  of  electrical  energy  in  overcoming  that  resistance.  It  needs 
also  to  be  added  that  the  maintenance  of  a  constant  potential 
difference  throughout  an  extensive  network  of  wires  is  a  matter 
of  some  difficulty,  a  difficulty  which  does  not  attend  series  working. 

The  best  lamp  yet  constructed  for  series  or  constant  current 
working  is  proliably  that  of  Mr.  Alexander  Bernstein.  The 
filament  is  composed  of  a  slender  carbon  tube,  made  by  carbonis- 
ing a  silk  braid  of  fine  texture,  and  it  is  remarkable  that  the  fine 
threads  composing  the    braid  are    distinctly  discernible   in  the 


finished  fibmeni.     Fig.    277   illuslratcs    the  construaion  of  ibe 
lunp  in  which  tlit  siraiyht  carbon  tube  or  filament  a  is  supporod 
I  hj  pieces  of  lion  wire  *^„  their  lower  witremitJes  being  conneclej 
I  to  the  short  pieces  of  platinum  fused  through  the  botiom  of  ds 
bulb.    These  wires,  i*„  are  bent  in  such  shape  as  to  ilm«t 
touch  each  other  at  £.     They  are  also  ftp 
Fk~  177.  nished    with    sleeves    of  insulating  naiaii 

dJt,  conneaed  together  by  a  spiral  spriogi 
which   strives   to   draw  them    Icgether.    .\f 
long  as  the  carbon  is  intict,  its  ligidil)  pre- 
vents contact  between  ^  and  t,  at  c,  bm« 
soon  as  a  flaw  in    the   carbon  appean 
current   commences    to  destroy  it,  and 
spring  e  gradually  draws  the  wires  togethtt 
until  a  perfect  contact  is  produced  at 
then  a  short-circuit   is  obtained   inside  fte 
lamp.     It  will  thus  be  seen  that  this  ii 
excellent  device   for  series  working,  for 
the  extinction  of  one  lamp  by  the 
of  its  carbon,  the  circuit  for  the  other  km] 
is  automatically  completed. 
In  a  form  of  lamp  now  being  introduced   the  spiral  spring 
dispensed  with,  a  portion  of  one  of  the  iron  wires  being 
out  Hat,  and  a  slight  springiness  imparted   to  it  so  that  on 
carbon  bi:ing  broken  continuity  is  established  at  e. 

The  manufacture  of  the  bulbs  for  'loop' lamps  is  comparaiii 
a  simple  matter,  but  with  lamps  having  a  rigid  rod  or  tube  su(^ 
as  the  Bernstein,  the  case  is  very  differenL  This  will  be  tn^oA 
when  it  is  observed  that  the  length  of  the  carbon  is  considtrably 
greater  than  the  diameter  of  the  neck  of  the  bulb  ;  with  the 
ordinary'  bulb,  the  insertion  of  the  mounied  carbon  would  be  1 
matter  of  imjiossibility. 

The  method  of  making  the  Bernstein  bulb  is  very  ingenious. 
Two  bulbs,  e,  rf  (fig.  178),  aie  first  blown  in  a  piece  of  glass  tubing 
^  c ;  the  end  d  is  then  broken  off,  and  the  bulb  e  being  healed  it  il 
worked  into  the  form  of  an  open  cyhnder.    The  carbon  and  the 
necting  wires,  fi-ied  in  a  glass  stem,  are  then  introduced  through 
large  opening  thus  made,  this  opening  being  then  closed 
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aty  one  bulb  remains.     The  next  operation  is  to  weld  a  piece  of 

'small  tubing  to  the  top  of  this  bulb,  after  which  the  small  tube  c 
»t  the  bottom  is  broken  off,  and  the  stem  with  its  connecting'  wires 
dropped  through  and  fused  into  position.     The  next 
performance  is  to  exhaust  the  lamp  by  way  of  the  little 
tube  fused  on  to  the  top,  and  that  being  completed, 
the  bulb  is  sealed  off  and  fixed  into  its  socket, 

In  order  to  prevent  the  interruption  of  the  circuit 

by  ihe  removal  of  a  lamp,  its  holder  is  constructed  in 

iiii.h  a  way  that  the  lamp  can  only  be  withdrawn  from    ' 

r  a  short-circuit  has  been  made  in  the  holder  be- 

■  li.ind  ;  and,  furthermore,  as  this  short  circuit  can 

:  V  be  broken  after  the   lamp  has  been  placed  in 

;  ■  ■  -irion.  it  is  not  possible  to  disconnect  the  circuit  at 

tiic-  holder. 

'J'his  holder  is  shown  full  size  in  figs,  279  and  280. 

Liisulating  material,  k,  serves  for  the  support  of  t 

f  and  /',  which  are  made  suitable  for  the  reception  of  the  two 

square  pins,^and^',  of  the  lamp  cap  (fig.  277).    For  the  purpose 

of  obtaining  a  good  contact  between  the  pini  and  the  sleeves,  the 

outward  side  of  each  of  the  latter  is  ^,^ 

cut  away  and  replaced  by  two  llat 

springs,  k  and  ^'.    The  conducting 

wires  are  attached  to  the  lower  ends 

iof  the  sleeves.   'I'he  S-shaped  piece, 

an,  which  can  be  turned  by  means 

kX   an    external   handle,   serves  the 

purpose  of  making  a  short  circuit  in 

the  holder. 

In  fig.  279  the  position  of  short 
rlrcuit  is  indicated.  For  the  jiur- 
]lll^c  of  obtaining  a  good  conl.ici 
iiLtween  the  piece  tn  and  the  metal 
sleeves  i  and  t',  the  latter  are  pro- 
^  ided  with  two  Other  flat  springs,  of 
n  hich  the  one  on  the  left  side,  near  k,  is  bent  at  ngln  angles  at 
iis  lower  end.  The  spring  near  ,4'  carries  at  its  lower  end  a  square 
pin,   which   prevents  the   turning  of  the  piece  m  in  the  other 
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.  On  the  othertiand,  they  consume  a  practically 
of  energy,  for  the  light  cannot  be  turned  down 
luctioQ  of  a  shunt,  or  of  resistance,  in  which  the 
uld  otherwise  be  developed  in  the  lamp  is  ex- 
«,  however,  bad  for  street  lighting  unless  of  high 
most  of  the  advantages  which  pertain  to  them 
^ouse,  disappear  when  they  arc  taken  into  the 
lie  look  for  a  brilliant  light  and  get  only  the 
;ood  gas  jet,  and  have  to  pay  dearly  for  the 
!  exceedingly  adaptable  to  the  li^'hting  of  railway 
:now  no  equal  for  ship-lighting,  their  usual  uim- 
ses  being  bad  oil  and  worse  lamps.  In  the  r^sc 
ners  expense  is  not  of  paramount  importance  ; 
be  wondered  at  that  in  this  work  incandesixr-t 
jw  reigns  supreme.  Incandescent  lamps  shou'd 
>le  service  in  mines  and  in  the  bunkers  of  ihi;,^ 
fficuUies  to  be  contended  with  are  want  of  ytrji- 
of  sparking  between  the  broken  ends  of  a»ir<:  '.r 
These  are  trifling  matters  which  must  v»rj  \/z 
:here  is  but  little  doubt,  that  U'f'/r«  Iw.;{  \-,n 
ie  '  safely '  lamps  will  be  rclegatcl  \'>  \.\:'.'ifxi 
i  is  a  scope  for  incanfl -ascent  lamps  for  *>..<:  .v; 
many  sutgical  examinatioi>s  and  oj^rriv-r  •-.  i', 
croscope  and  the  optical  lantern, 
itimate  the  amount  of  light  emittfl  \rf  sr.y  ',-.;• 
:ric  or  otherwise,  a  large  numl^:r  of '  p:. '//-•.-.■-  ' . ' 
rs  have  been  devised,  but  exce!I';f.'.  tv  v>:.v.  •■*. 
theory,  they  have,  when  ap;,!!';d  ;,.'i.'';'i.>.;  •  •■  v 
Measurement  of  every  ki:>d  re-:, >';■■,  vx;.';    .- 
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bum  ijo  grains  of  spermaceti  wax  pa  hour.  Thclenphd 
candle  varies  slightly  n-ith  different  makers,  ranging  iron  ^ 
incliis  measured  from  the  shoulder,  where  ihe  dtitnaer » ) 
o'8  in.,  the  diameter  at  the  bottom  increasing  to  o'S5  ot  oi 

In  practical  work  a  straight  candle  is  selected  and  cam 
equal  parts,  which  are  subsequently  used  together  on  a  ihol 
placed  at  right  angles  with  the  scale-bar  of  the  j>iiotomeiei. 
t»-o  flames  give  a  more  reliable,  or  better  average  reult  d 
single  one.  Candles  are  lighted  ten  minutes  before  die 
mcnccmenl  of  testing  so  as  to  allow  them  to  airivc  at 
tnie  of  burning,  which  is  shown  when  the  wicks  are  slighdj 
oxer  and  the  tijis  glowing.  Infixing  them  in  position,  ik 
of  curvature  of  one  wick  should  be  at  right  angles 
of  cur\-ature  of  the  other.  If  the  candles  aiu  used  wha 
ivicks  are  straight  or  when  a  little  knob  or  rose  of  C! 
thread  has  formed  at  the  tip,  the  tests  will  give  erroneous  ra 

The  special  requirements  of  a  standard  flatne  are  tt 
combustible  must  be  of  known  and  definite  composiboB; 
conditions  of  burning  must  be  of  a  simple  and  definable  cliMl 
and  the  nature  of  the  combustible,  as  well  as  the  conditifl 
burning,  must  be  such  thai  atmospheric  changes  may  prod! 
minimum  effect  upon  the  light. 

Now  white  spermaceti  has  a  melting  point  of  109*,  but»l 
quantity  (varyingfrom four  to  (ivepercent,)of  beeswax  wi thai 
point  of  140''  is  usually  added  in  order  to  prevent  the  cxystaUil 
of  the  spermaceti.  The  spermaceti  itself  is  not  adefiniiedl 
substance,  its  constituents  varying  considerably,  whence  it ' 
answer  the  first  requirement,  for  the  consequence  of  the  difl 
in  the  proirortions  of  the  natural  and  added  constituents  i 
small  variations  are  found  to  occur  in  the  melting  point. 

The  number  and  size  of  the  threads  in  the  wick,  ilsd 
treatment,  the  closeness  of  the  plaiting  of  the  strands, « 
degree  of  tightness  with  which  the  wick  is  stretched,  « 
conditions  which  affect  the  light  of  a  sperm  candle,  jS 
are  all  left  undefined  by  the  Ads  of  Parliament ;  and,  i;i 
manufacturers  differ  in  regard  to  them. 

Even  were  the  candles  made  as  exactly  alike  as  possibh 
are  other  conditions  of  variation  which  cannot  bc  elitninatB^ 


le  light  varit-s  from  nioincnt  to  moiriEnt  as  the  wick 
cr,  as  tiie  knob  at  ihe  end  of  the  wick  accumulates  or 
ay,  and  as  the  cup  fills  or  empties  itself  of  melted  sperm. 
mber  of  experiments  made  by  a  commillee  appointed  by 
d  of  Trade  showed  that  while  the  candles  from  a  single 
ive  fairly  concordant  results,  the  average  obtained  by  ten 
nts  with  one  packet  differed  as  much  as  15  percent,  from 
,ge  obtained  by  ten  experiments  with  another  packet.  In 
rnainations  a  maximum  variation  was  found  between  twp 
candles  of  227  per  cent,  in  illuminating  power.  All 
)eriments  were  made  by  one  observer,  working  with  one 
s  and  in  the  most  uniform  manner  possible, 
method  of  taking  the  ai-erage  of  three  consecutive  candle 
ations  does  not  therefore  serve  to  eliminate  the  errors  of 
le  standaM,  for  the  candles  employed  may  be  taken  from 
containing  candles  of  a  uniformly  high  or  a  uniformly  low 
ing  power. 

laid  candles  are  greatly  affected  by  slight  differences  of 
t,  so  that  a  candle  which  gives  a  certain  amount  of  light 
ands  of  one  operator,  may  give  a  widely  different  result 
id  by  a  second  operator. 

;xtreme  sensitiveness  of  standard  candles  to  differences  in 
shown  by  the  following  typical  experiment  Four 
laminers  tested  on  the  same  day  a  specially  stored 
r  coal  gas.  They  used  the  same  photometer,  and  candles 
packet  selected  for  the  uniformity  of  the  candles  con- 
it.  The  mean  of  two  closely  at,Teeing  testings  by  one 
gave  the  illuminating  power  of  the  coal  gas  as  i6'5  enti- 
le the  mean  of  two  closely  agreeing  testings  by  another 
illuminating  power  of  the  coal  gas  as  19  candles. 
W.  Dibdin  has  reported  very  adversely  upon  the  stan- 
le.  He  found  on  one  day  that  the  average  of  the  tests  ' 
dies  made  by  one  firm  (A)  showed  the  illuminating 
ain  gas  flame  to  be  equal  to  15-8  candles,  while 
manufactured  by  another  firm  (B)  gave  a  value  of  I4'9 
on  another  day  candles  A  gave  a  value  of  14-8  to  a 
flame  :  while  candles  B  g.ive  a  value  of  only  ij'g. 
I  therefore  be  readily  conceived  thai  a  total  > 
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10  per  cent,  is  almost  a  normal  result,  while  far  greater  diSi 
are  of  common  occuiTence. 

Another  cause  of  unreliability  under  certain  condiliatii^ 
when  the  temperature  of  the  testing  room  rises  above  the  I 
the  candles  invariably  give  discordant  results,  sometimes  iiH 
over  ^5  per  cent,  more  than  the  known  value  of  the  eooi 
flame.  The  principal  cause  of  variation  is,  however,  the 
form  and  variable  structure  of  the  wick,  which  at  one  ti 
eightCL-n  threads  in  each  of  its  three  stmnds,  while  at  t 
sent  time  the  number  has  increased  to  twenty-one  and  twenl 
Various  improvements  have  been  effected  in  the  proce 
'  drying '  the  spermaceti,  or  freeing  it  from  oil,  and  the  dri 
maceti  now  manufactured  seems  to  require  a  wick  contaioii 
threads  of  cotton  lo  raise  it  in  the  melted  form  and  cause  j 
bustton  at  the  required  rate  of  120  grains  per  hour.  But 
with  thick  wicks  give  less  light  than  those  whose  wicks  are' 
Thus  theeffcct  of  the  improvement  ill  the  manufacture  of  spc 
has  beenthat  standard  candles  give  less  light  now  than  ihey  I 
years  ago,  and  probably  still  less  than  they  gave  at  an  earli 
when  the  average  consumption  of  candles  of  six  to  the  poi 
140  grains  per  hour. 

A  further  very  ajiparent  objection  is  that  the  illuroinatiq 
is  subject  lo  fluctuations  from  niinuie  to  minute,  owing  I 
liot  s  in  the  length  and  form  of  the  wick,  and  to  the  fiUi 
emptying  of  the  cup  of  the  candle,  according  to  tlie  nun 
of  the  surrounding  air. 

Sufficient  has  been  said  to  make  manifest  the  unpen 
of  the  spermaceti  candle  as  a  standard. 

One  of  the  sources  of  error,  viz.,  the  irregulai  consura] 
the  spermaceti,  can  be  to  some  extern  allowed  for  by  weigS 
candle  before  and  after  the  tests  are  made,  the  time  of  bumin 
also  noted.  If  the  consumption  lias  not  been  at  the  exact 
170  grains  per  hour,  the  light  emitted  should  be  deemed 
tionately  diflerent  in  intensity,  and  the  measured  intensitj 
light  as  observed  by  the  photometer,  should  be  acc( 
increased  or  diminished  in  the  same  proportion  hy  a  sim 
of  three  calculation.  Thus  if  a  lamp  has  been  measured 
apparatus  as  giving  a  light  of  17-6  candles,  but  the  candl 
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mt  of  order.  Its  simplicUy  of  construction  as  well  as  ormanipu- 
Rtion  is  self-evident,  and  its  suitability  for  the  required  object  has 
leen  demonstrated  by  Mr.  F.  W.  Hartley,  who  made  a  number  of 
engthy  series  of  tests  with  ihe  apparatus,  using  slots  of  various 
limensions.  In  one  set  of  tests  be  found  that  with  a  5  cubic  feet 
3er  hour  flame,  of  common  coal  gas  of  i4-o2  candle-power,  the 
lifference  in  the  photometric  readings  between  a  3-inch  Argand 
iatne  from  the  same  gas  and  from  cannel  gas  of  35'37  candle 
[K)wer,  was  only  o'7  per  cent.  These  experiments  lend  to  show 
that  it  is  rather  the  height  of  the  Dame  than  the  quality  of  the  gas 
consumed  which  determines  the  luminosity,  and  this  is  a  most 
important  point,  for  it  renders  the  standard  virtually  independent 
of  any  ordinary  variations  in  the  composition  and  lighting  pro- 
perties of  the  gas.  A  series  of  experiments  was  next  made  with 
standard  candles  which  were  employed  to  measure  the  light 
emitted  by  the  common  gas  ;  the  readings  ranged  from  i3'24  to 
i4'5SS  candle-power,  showing  a  difference  of  i'348  candles,  or 
iQ-i  I  per  cent.  As  these  tests  were  made  with  gas  supplied  from 
he  same  holder,  the  result  simply  re-provcs  the  utter  unreliability 
if  the  standard  cindle.  On  the  other  hand,  when  the  Methven 
cneen  was  employed,  the  two  kinds  of  gas  being  consumed  in 
um,  the  extreme  difference  was  o'83  per  cent.,  and  the  mean 
lifference  0-3  pet  cent.  only. 

While  it  is  of  course  necessary  that  the  height  ot  the  flame 
hould  be  carefully  adjusted,  it  is  an  important  feature  that  the  rcad- 
ngs  are  not  perceptibly  affected  by  a  variation  of  about  one-lenth 
if  an  inch  on  either  side  of  the  prescribed  height.  The  top  of 
he  flame  should  be  as  regular  as  possible,  the  burner  of  the  l)est 
nanufacture,  and  the  chimney  and  screen  scrupulously  clean.  As, 
lowever,  it  rarely  happens  that  the  top  of  the  flame  is  absolutely 
egiilar,  it  is  usuai  to  so  adjust  the  height  that  the  extreme  points  ex- 
end  about  one-eighth  of  an  inch  above  the  horizontal  wires.  There 
B  one  other  precaution,  and  that  is,  that  the  instrument  should  be 
illowed  to  get  'hot,'  so  as  to  arrive  at  the  normal  condition,  before 
iny  reading  is  taken  on  the  photometer.  If  this  is  neglected, 
jTToneous  results  arc  almost  inevitable,  as  the  proportion  of  energy 
tbsorbed  in  heating  the   apixiratus  will  be  a  varying  quantity. 
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JK  foot  of  fir  to  dne  odie  KkB  tf  yaaae.  ^ 

dd  at  or  nor  6^*  Fak. ;  o^  m^^mtf  liA  s  p 
s  trf'air  to  7  of  peoiaK. 

en  die  pentane  ■  poond  ipas  fc«^v«4e^ 
xnt  thrice  its  vapoor-valBHe  tf  as'  aonc  x  '■■ 
and  completdy-  A  lew  ■^bs  ae  ^fio^  : 
odon  of  the  liqiii^  ■"!  a  fcv  fca^  «^k  ^ 
n. 

!  openmg  in  tne  biiimi  fcwa  ^■■BB'rf  a  uum 
idiaittfaetopcrfacjIiwAkiltifr  —  ja^gti^aa 
iie>  loi%  the  thidkncM  of  tkc  £k  fai^^  ^c  SH 
op<tfthetiibebciiisbiIfsnEL  V^aamBi 
ions  the  mixtnie  of  air  aid  fEsane  {■>  laeiiM  ■mm 
t  a  flame  a^  indie  in  fa^^  «tei  Ae  ^e  tf  ^ 
a'5  cntnc  fbot  per  hoar. 

!  adjnstment  oT  the  peacaae  taam  »  ^«  -fie  -a 
K>  the  mean  of  a  long 
based  upon  die 
CtmsumpticB,  and  m^  be 
of  the  flame  till  the  tip  of  k  a 
tal  {datinam  wiie  oietciMd  Dve  ^e  xnaK'KiteirT 
or  l^  adlmtit^  the  late  m.  vzdcx  ±e  j-^'^—-  ^t  s 
I  a  delicate  meia^.    Eipu  ienee  rf^eawi  ja^a  ax. 
as  shown  dat  it  ii  boifa  caatr  aa£aBOK  v=3rzB  n  ■ 
setting  of  the  bc^u  vl  tbe  ^bc  ai£  -a.  wk:  -ttg.-::; 
iptioo  as  a  conmd  onir,  vcxou  "sicnf  r  sc.  *=iv 
ng  the  JUnrniMrire  tbIdc  cf  ifbe  ^  vmsc. 
material  variation  in  the  ^oc  4LJ"cl  V  "ne  «Baarr 
when,  the  bc^^  of  the  bne  aermg  wrx  itiziaK',  > 
o  2^  inches,  the  tAserred  33s  rf  riOTtrjicvu'Ji  «r-^ 
0-52  or  fall  short  «'  ='*t  oL.tni  i-ja:  5»!r  vj-j:      ni 
t  only  ^-aries  whhia  zbt  Tsrrj*i=  Inum  w  t-^'  ssai  ■; 
Kriei  of  experiroer.3  jeriiT^iK  k.  i 
■a  in  the  prop'-r/co  ■rf  t: 

■**tioo  of  ;  per  ^^;^_  =.  liit  saut  tf  ar  n  -,-r 


,  «  -^  taa^Lt-  a  tiK. 
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__._  value  assigned  to  the  gas  tested  by  comparison  wiili  it 

But  an  error  of  even  half  this  amount  is  rarely  obtained  in  ik 

actual  prepataiion  of  pentone  gas. 

It  is  remarkable  that  only  in  37  out  of  468  lestings,  does  the 

result  of  one  testing  differ  from  the  mean  result  of  the  set  of  whiit 

it  fonns  a  part,  by  as  much  as  0-2  candle- 
Tests  were  made  with  a  variable  htight  of  fiame,  and  theavetago 

often  observations  made  at  the  rate  of  one  a  minute,  showed  ihil 

with 

Height  of  flame  in  inches    .    .     a^  2^  i^ 

The  corresponding  illuminating 

power  was 99''5  'oo         i<'o'7S 

Other  experiments  demonstrated  that  the  illuminating  pomt 
of  the  air-gas  is  but  little  affected  by  variations  in  the  tempcraiuie 
of  the  room. 

Mr.  DiMin  is  favourably  impressed  with  the  [Wntaiie  standard, 
and  in  a  report  to  the  Board  of  Works,  he  recommended  its  early 
adoption. 

Similarly  the  British  Association  Committee  considered  it  to 
be  reliable  and  convenient,  fulfilling  the  conditions  required  ia  a 
standard  of  light,  and  they  likewise  urge  the  rejection  of  the  Par- 
liamentary candle  as  a  standard  of  light,  and  the  adoption  cf  the 
pentane  standard. 

Mr.  Harcourt  has  designed  two  or  three  portable  penline 
lamps,  the  latest  and  most  convenient  being  that  shown  in  fig.  sSj 
In  this  case  a  wick  is  used,  fitting  loosely  and  moving  freely  within 
•\  tube  which  conducts  heat  downwards  from  the  flame  abov-e,  so 
:is  to  give  rise  by  evaporation  to  a  quantity  of  pentane  \-apour  wf- 
ti<nent  to  feed  the  flame,  without  the  top  of  the  wick  being  e«t 
r.vposed  to  a  temperature  as  high  as  that  of  boiling  water. 

The  lamp  (fig.  283)  consists  of  a  glass  reservoir,  with  tubuiure 
,ind  stoppor,  of  the  form  and  size  of  a  spirit  lamp,  mounted  on  a 
metal  stand  which  rests  on  three  levelling  screws.  The  wick  can  be 
lurned  up  and  down  in  the  usual  manner  by  means  of  a  double- 
loothed  wheel,  the  spindle  of  which  fits  air -tight  into  the  lube 
^vhich  supports  it.  The  lower  end  of  the  wick  (which  is  roundand 
i-ither  less  than  \  inch  diameter)  lies  in  the  reservoir  ;  the  uppo 
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I:- 

^^■d  is  in  s  brass  tube,  al)out  live  inches  in  Icnjjlh,  in  which 
^^^Mie  up  and  down  freely.     The  upper  part  of  the  tube  is 
^^Hnded  by  a  wider  tube,   about 
^^^■r  inches  in  length  and  one  inch 
■■  in    diameter ;  and   the   two  tubes 

being  Joined   together  above  and 

below  by  flat  plates  constitute  the 

burner  of  the  lamp.     Aroiind  the 

burner  is  another  cylinder  open  at 

both    ends,   of   afxsut    two   inches 

diameter,  surmounted  at   the  level 

of  the  top  of   the   burner   by  a 

conical    piece,    terminating    in    a 

short    tube    whose    diameter    and 

length    are    about   \   of  an   inch. 

Over  this  outer  casing  is  a  similar 

piece    inverted,   with    the  smaller 

tube  below  and  the  larger  above. 

This    second    piece    is    connected 

with  the   first,    the  two  being  at- 
tached by  two  semicircular  bands, 

so    that   the  ends  of  the   smaller 

tubes  may  be  set  at  different  dis- 
tances   apart,    according     to     the 

amount  of  light  which  it  is  desired 

to  obtain  from  the  lamp.    Through 

opposite  sides  of  the  upper  lube, 

and  above  the  ends  of  the  connect- 
ing bands,  are  cut  two  narroiv  slots 

about  i  of  an  inch  in  width,  and 

^  an  inch  in  height.      These  are 

placed  at  such  a  height  that  when- 
ever the  tip  cf  the  flame  is  visible 

between  them  the  light  emitted  is 

definite  and  constant.    The  adjust- 
ment of  the  light,  which  may  be'  set 

at  either  half  a  candle,  one  candl 

effected  oy 


a  candle  and  a  half,  is 
of  cylindrical  brass  blocks  whose  length  has 
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been  very  caiefuUy  adjusted  once  for  all.  One  of  ihtse 
U  placed  upon  the  lower  tube,  and  the  upper  tube  is 
until  it  presses  gently  aga.inst  the  block ;  the  screm  ithidi  I 
the  connecting  bands  are  then  tightened,  and  the  block  is  n 
drawn.  Since  the  blocks  are  made  of  the  same  diameter  as  J 
lubes  between  which  they  are  placed,  they  serve  for  setting  the 
lubes  truly  on  the  same  axis,  as  well  as  at  the  right  interval  apt) 
The  point,  ot  rather  the  horizontal  ring,  from  the  neain 
point  of  which  raeasurenienis  are  to  be  made  when  the  fUmt 
the  lamp  is  used  as  a  photometric  standard,  ts  mfdway  hetwe 
the  tubes  which  surround  the  flame,  and  at  a  dislance  of  half  I 
radius  of  these  tubes  from  their  axis,  which  is  also  the  axis  of  I 
flame.  I'his  position  is  defined  to  the  eye  by  giving  to  1 
curved  connecting  bands  half  the  width  of  the  tubes.  The  a 
of  the  photometric  scale  lies  in  the  plane  which  passes  ihnnij 
the  edges,  on  either  side,  of  the  connecting  bands.  To  i 
this  plane  by  a  solid  surface,  a  rectangular  strip  of  brass  is 
vided,  which  can  be  fitted  on  one  side  into  the  centre  of  the 
edges  of  the  connecting  bands.  A  small  plumb-line  is  also  piu- 
vided,  by  means  of  which  the  lamp  can  be  set  mily  vertical,  in] 
a  small  mirror  by  means  of  whicli  the  photonictrist  can  ota«nt 
without  changing  his  position  (vhelher  the  top  of  the  llamir  it 
between  the  slots  in  the  side  of  the  chimney.  The  tests  to  uliicli 
the  lamp  has  been  subjected  demonstrate  that  it  is  fractionally  las 
et)icjcnt  than  the  jientane  standard. 

The  '  battle  of  the  standards,'  as  already  mentioned,  is  conliod 
to  the  ty|ies  invented  by  Mr.  Melhven  and  Mr.  Harcourt  res(tt> 
tively.  It  is  possible  that  the  latter  is  sliglitly  more  accurate  ttua 
the  other,  but  it  is  less  convenient,  and  is  for  that  reason  ys\ 
rarely  adopted  in  practice,  wiiile  the  Mcthven  screen  is  voy  a- 
tensively  used  by  gas  as  well  as  electrical  engineers.  The  Methtffl 
screen  is  always  ready,  and  measurements  can  be  taken  within  1 
very  few  minutes  of  lighting  the  gas;.  On  the  other  hand,  iht 
amount  of  heat  evolved  by  the  peniane  flame  is  so  small  thv  1 
considerable  time  elapses  before  the  burner  has  assumed  ip 
maximum  temperature,  or  atl.aincd  the  norni.-d  rate  of  buminj 
Careful  manipulation  and  experience  are  necessary  in  the  pro- 
cess of  m.i nil factu ring  ihe  pcnUine,  an  0]icr:ilion  which  ot  coni 
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takes  linie  to  perform,  and  which  w^ould  therefore  frequently  pre- 
clude its  use. 

Under  the  circumstances  it  is  perhaps  as  well  that  our  laws 

inge  but  slowly,  and  that  the  legal  substitute  for  the  universally 

Temned  sperm  candle  has  not  yet  been  determined, 

ESupposing  an  absolutely  reliable  and  permanent  unit  of  lumi- 

^  10  be  available,  we  are  still  confronted  by  the  second  diffi- 

iz.,  the  wnnt  of  a  means  of  accurate  measureracnt.     Prac- 

I  photometers  are  one  and  al!  simple  comparison  instruments, 

e  light  emitted  by  the  standard  and  the  source  under  test  being 

mpared  simultaneously,  and  these  comparisons  must  perforce 

[  made  by  the  eye.    Unfortunately  that  organ  is  an  untrust- 

thy  piece  of  scientific  apparatus  and  incapable  of  accurate 

Timination.     Its  sensitiveness  also  varies  considerably  with  the 

dividual,  so  that  the  whole  of  any  series  of  tests  should  be  taken 

|r  the  same  experimenter,  although  even  then  there  is  some  risk 

^irf  personal  error.     Of  course  this  difficulty  is  in  some  measure 

Overcome  by  continued  practice  and  attention. 

All  practical  photometers  arc  based  upon  the  fundamental  law 
that  the  intensity  of  illumination  on  a  given  surface  varies 
versely  as  the  square  of  its  distance  from  the  source  of  light ;  and 
ujxjn  the  fact  that  the  distances  of  two  independent  sources  of 
light  can  be  so  adjusted  that  their  illumination  of  the  given  surface 
is  equal.  Then  by  measuring  these  distances  the  relative  illumi- 
nating powers  can  be  calculated. 

The  fundamental  principle  of  the  Rumford  or  'shadow 
photometer  can  perhaps  be  best  illustrated  by  means  of  simple 
familiar  apparatus  such  as  that  in  fig.  284. 

It  consists  of  an  upright  ground-glass  screen  having  fixed 
in  front  of  it  a  small  vertical  rod.  The  standard  light— in 
case  a  candle  —is  placed  at  such  a  distance  as  to  project  a  shadow 
of  the  rod  upon  the  screen.  The  lamp,  or  other  source,  to  be 
tested,  is  then  brought  into  position  so  as  to  throw  a  second 
ladow  close  to  that  from  the  candle,  and  the  exact  positii 
:  lamp  so  adjusted  that  the  inlunsities  of  the  shadows  a 
irly  alike  as  the  observer  can  tell.  The  distances  of  the  candle 
"amp  from  the  ground-glass  screen  are  then  carefully 
isured   and   the  comparative  luminosiries  deduced  from  the 


570  Eltctrical  Engineering 

law  of  inverse  squares.     For  example,  supjwsc  ihe  dislanee  rfj| 
cnnillc  (o  be  12  inches,  and  thai  of  the  lamp  3i  feci  ■ 
shadows  are  diunl,  tlien  the  luminosity  is  i*:^!*,  thatii  loflj 
light  emitted  hy  the  lamp  is  1 1\  times  as  strong  as  that  in»% 
candle,  andit  may  be  called  a  13^  candle-power  lamp.  Tbea 
paralive  sensitiveness  of  the  obsener  can  be  roughly  e 
moving  the  lamp  to  and  fro  for  some  distance,  when,  unli 

I  professional  photometrist,  he  will  probably  And  that  it  il 
Kty  easy  matter  for  the  personal  error  to  exceed  lo  per  cent    | 


The  principle  iindcik". 
evident  that  the  sliaduw  >  ,i-: 

candle,  while  that  cast  by  the  candle  is  illuiiiiTiati^d  by  tlic  i 
o  that,  if  both  shadows  are  reduced  to  the  same  degree  of  i 
ity,  it  can  only  be  due  to  the  effect  of  equal  luminosities 
the  surface  of  the  screen  derived  from  the  two  sources. 
The  Bunsen  or,  as  it  is  often  called,  the  grease-spot  p 
eter  is,  especially  for  the  beginner,  an  instrument  by  which 
accurate  results  can  be  obtained ;  and  it  is  the  one  most  (ri:(;iinilf 
employed.     The  principle  of  the  apparatus  is  shown  in  h. 
A.  small  screen  of  somewhat  opaque  paper  is   stretcln'l   ■  "i  i 
metallic  ring,  which  is  mounted  on  a  stand,  movabk'  ..  '^  ' 
graduated  scale.     In  the  earlier  forms  of  this  instnimem,  ^i  -.iri 
transparent  grease  spot  was  made  in  the  centre  of  tht  ■:,-<  ■> 
means  of  a  Httle  spermaceti  dissolved  in  naphtha,  boi    m  i.'>« 
"n  practical  inslniment,  the  whole  of  the  paper,  wilh  I'lt 


Vft  tno  or  some  □ 

I  bepbocds:*i 

ilh  the  ceaae  of  tx  i 

It  scale  tmtfl  the  ^m  > 

tn(]l«  can  be  SxEtt  39(i  ite  lis;  4 

ale  to  the  reqnj-f :  -•    —. 

Hm  txXBon  «■  1 
MO  belpiiiHhcd  wMiMMMoeK.  JwE-'lflegac 
n  the  Kale  being  Boae^  the  ■ 
ants  fromthe  KtccB  c 
cs  can  then  be  c 
Tinciple  of  this  i 
t  held  in  &ODt  of  tre  Kmss.  ^  p-T  t  var:  ^ 
■onion  of  tbe  iisi:  fiZiar  zzrja.  x  n  :e  -=jf=.ri^ 
ppears,  when  vle»tc  r'.ci  T=ar  ane  wi  mir:i  -^^  c' 
O  be  dirker  f'--'^  iit  ■^-iir^adiei  ^snVJL  »^^^  kv- 
he  rajs  falling  z.\fJL  'i.  li.  ^a  =te  uher  uor.  ^:*- 
MhiDd  tbe  screer^  :=e  ^'^^^^  <cnc  ir  oiif  »w=.- 

Ittt  the  pcMcd  pB^  ygaaim  i  ji 


[ 


» 


574  EleclrUat  Bngintering  ow.m. 

of  Ihe  Bunsen  photoraeier  are,  as  we  have  indicated,  genenUy 
employed.     The  Ibrm  most  frequently  met  with  is  the  Liihehj, 
*Vhich  was  designed  for  gas  testing,  and   which    thimrfure  \a,- 
sesses   many   refinements   unnecessary  for  electric  liiihl  itsuat 
The  Bunsen  disc  is  enclosed  in  a  double  conical  tube  or  boiiD 
screen  off  extraneous  rays  of  light,  and  small  angular  mirronitt 
]ibced   opposite  a  pair  of  openings  in  the  side  of  the  tube, 
facilitate  observations  of  the  two  sides  of  the  disc    The '  Univ 
sal '  photometer,  designed  by  the  late  Mr.  Hartley,  is  simply  < 
and  efficient,  and  can  be  used  for  estimating  the  luminuiitia 
arc  or  incandescent  lamps,  in  a  horizontal  or  in  any  other 
tion.     It  consists  of  a  long  narrow  table,  with  two  parallel  groort 
in  the  top  ;  sliding  in  one  of  these  arc  the  Methven  screen  or  otha 
standard  and  the  Bunsen  disc,  while  in  the  other  traveb  a  Mai 
31  inches  in  length,  diuded  into  tenths  of  an  inch.    For  hoi 
zontal  measurement,  the  bmp  to  be  tested  is  fixed  on  an  indi 
pendent  pillar  at  a  known  distance  from  the  disc  ;  if  (he  kmpl 
sus|>ended   from  the  ceiling,  an   angle    measurer  is  provided  ( 
facilitate  the  estimation  of  its  actual  distance. 

It  is  the  usual  practice  for  an  incandescent  lamp  to  be  or 
fully  com|)ared  with  some  standard,  such  as  the  Methven  strfd 
It  is  then  in  its  tun.  employed  as  a  standard  of  componwi 
for  other  similar  lamps,  requiring  httle  attention,  and  affordir^ 
a  ready  means  of  rapidly  testing  a  large  number  of  lamps,  hii 
however,  only  employed  as  a  standard  for  a  time,  otherwise  ihtn 
would  be  some  risk  of  error  owing  to  a  variation  in  the  luminositf 
of  the  lamp.  The  method  of  testing  arc  lamps  is  someviha 
similar.  .\n  incandescent  lamp,  after  being  standardised,  is  in  llUF 
case,  also,  frequently  employed  as  a  standard,  the  arc  lamp  being 
placed  on  a  scale  at  right  angles  with  the  photometer  bar,  whidi 
carries  a  mirror  adjusted  to  an  angle  of  45°  with  the  luaiinom 
l}eain,  so  as,  in  obedience  to  the  law  decliiring  that  the  angle  cf 
rellection  is  equal  to  the  angle  of  incidence,  to  project  the 
upon  the  greased  disc,  the  quasi -standard  being  placed  so  as  ta 
illuminate  the  opposite  side  of  the  disc.  The  comparis; 
made  by  adding  the  distance  between  the  disc  and  the  minor  to 
the  dislLince  between  the  mirror  and  the  arc,  and  regarding  thit 
as  the  distance  which  has  to  he  compared  with  that  between  thfl 
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;  and  the  biandard,     A  constant  allowance  has  to  be  made  tor 

^absorption  of  the  mirror,  which  for  a  cenam  angle  varies  with 

nt  samples  of  glass.     It  is  obviously  necessary  that  the  arc 

dd  be  so  screened  that  none  of  the  rays  fall  direct  upon  the 

tid  that  the  angle  of  the   mirror  should    be   kept   fixed. 

I  veiy  powerful  arc  it  would  be  possible  to  diminish  the 

ntage  of  the  rays  falling  upon  the  disc,  by  placing  the  lamp 

r  angle  than  that  of  90°  with  the  scale  board  or  the 

f  the  disc.    A  fresh  constant  would  then  have  to  be  employed, 

ordance  with  the  law  that  the  intensity  of  illumination  which 

eived  obliquely  is  proportional  to  the  cosine  of  the  angle 

1  ihc  luminous  rays  make  with  the  normal  to  the  surface, 

jjcc  being  also  made  for  the  increased  loss  due  to  absorption. 

Ki&  the  space  can  be  afforded,  a  photometer  room  should 

ivJdcd,  and  fitted  with  opaque  blinds,  so  that  all  extraneous 

I  be  excluded.     The  room,  when  candles  or  comparison 

re  empluyud,  shuutd  be  free  from  draughts  and  vibrations. 
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is  only  one-fourth  of  that  of  a  wire  half  an  inch  in  diameta;  it 

does  not  cos 

t  anjihing  like  four  times  as  much  nor  even  twice  U 

much  to  by  ilie  thicker  wire  as  it  does  to  lay  the  thinnrr,  foi  iht 
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labour  of  removing  and  replacing  [he  paiing,  earth,  &c,  would  be 
almost  the  samu  in  both  cases.  Again  thp  insulation  of  [he  wire 
is  an  important  and  expensive  item,  which  does  not  increase  so 
rapidly  as  the  resistance  of  a  wire  is  reduced  by  an  increase  in  its 
size  j  so  that  it  does  not  by  any  means  follow  that  a  given  reduc- 
tion in  resistance  entails  a  proportionate  increase  in  expense.  It 
may  be  noticed  incidentally,  that  when  the  diameter  of  a  round 
■conductor  is  doubled,  ahhough  its  sectional  area  and  therefore  its 
conductivity  is  increased  four-fold,  its  surface  is  only  doubled. 
Therefore  if  a  current  of  four  limes  the  strength  is  passed  through 
it,  the  heat  developed  will  be  four  times  as  great  (since  power 
■wasted  =  c^r),  while  the  surface  at  which  radiation  takes  place 
has  only  been  doubled.  The  temperature  of  the  thicker  wire  will 
rise  higher  than  that  of  the  thinner  one,  when  they  carry  currents 
in  proportion  to  their  conductivities. 

One  advantage  attending  the  use  of  bare  conductors  is  the 
greater  facihty  afforded  by  them  for  the  radiation  of  heat  as  com- 
pared with  covered  conductors. 

So  many  considerations,  mostly  special  for  every  particular  case, 
enter  into  the  question  of  the  best  size  and  shape  of  the  conductor 
consistent  with  strict  economy,  that  we  cannot  discuss  the  matter 
fully  here.  But  with  regard  to  the  reduction  of  resistance  by  the 
employment  of  high  conductivity  copper,  it  should  be  noticed  that 
as  the  presence  of  a  minute  quantity  of  foreign  matter  causes  such 
a  great  increase  in  the  resistance  of  this  metal,  it  is  alwayi  econo- 
mical to  use  the  purest  copper  obtainable  commercially. 

In  systems  of  distribution  of  electrical  power  by  means  of  a 
constant  current,  the  question  is  comparatively  simple,  as  the 
current  employed  is  not  a  heavy  one,  and  has  the  same  value  at 
all  times  and  in  all  parts  of  the  circuit.  The  chief  difficulty  likely 
to  arise  is  in  providing  for  future  extensions  of  the  system  when 
the  potential  difference  which  can  be  applied  at  the  ends  of  the 
circuit  is  limited.  The  more  interesting  and  more  difficult  pro- 
blem consists  in  the  supply  of  current  to  lamps,  or  other  apparatus, 
at  a  conslant  potential ;  for  then  the  main  conductors  have  to 
cany  a  very  heavy  and  variable  current.  The  matter  becomes 
more  difficult  if  the  lamps  are  distributed  over  a  wide  area,  i 
situated  at  a  distance  from  the  generating  station.     As  has  been 
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pointed  out  in  Chap.  XIII,,  the  power- wasted  may  in  suciiosa 
be  reduced  to  a  minimum,  by  inmsmitting  it  in  the  fonn  of  t 
small  current  at  high  pressure,  and  redticitig  the  pressure  at  riie 
required  point,  to  a  suitable  value.  But  such  a  system  1 
disadvantages.  Although  the  cost  of  the  copper  b  vn'niy  redoce^ 
the  high  potential  difference  employed  demands  ver>'  cfficieni  md 
expensive  insulation,  the  engines  and  dynamos  must  alwan  be 
kept  running,  and  when  very  little  power  is  being  deoiandcd  ibe 
efficiency  of  the  transformers  and  of  the  whole  system  &lls  to. 
low  value.  For  even  when  the  secondary  circuit  of  a  pjraltf 
transformer  is  disconnected,  some  current  passes  through  ibe 
primary,  and  when  only  one  or  two  lamps  are  joined  up,  the 
power  appearing  in  the  secondary  may  be  but  a  compaiatiYtlf 
small  iraction  of  that  absorbed  by  the  primary.  When  Ae 
numbcr  of  transformers  is  large,  the  total  power  wasted  becoma 
considerable  during  the  times  when  little  or  no  light  is  required 
In  the  other  method  of  distributing  direct  from  the  dynamo  w 
a  number  of  lamps  all  joined  up  in  parallel,  the  chief  problems  to 
be  faced  are  the  hea\7  loss  occurring  in  the  mains  and  the 
cully  of  regulating  the  supply  to  each  lamp. 

Fig,  iSS.  [_[ 
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Such  an  arrangement  is  indicated  by  the  diagram  in  fig.  iSS, 
where  d  represents  a  dynamo  capable  of  maintaining  a  constant 
potential  difference  at  its  terminals ;  a  and  b,  the  mam  leads  from 
the  machine  to  the  nearest  lamp ;  and  e,  f  the  continuatioD  d 
those  leads,  between  which  the  lamps  are  placed.  Suppose  there 
to  be  loo  lamps  so  joined  in  parallel,  each  requiring  a  cum;n( 
of  half  an  ampere,  and  a  potential  difference  at  its  extremities  of 
iio  volts.  The  total  current  supplied  by  the  dynamo  with  all 
the  lamps  in  use  would  be  50  amperes,  and  this  current  would 
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ive  lo  be  carried  by  the  main  leads  a  and  b.  Supposing  ihej 
sistance  of  a  and  n  to  be  one-tenth  of  an  ohm,ihe  power  wasted 
htl  overcoming  this  resistance  would  be  250  wncis,  and  the  con-' 
|uent  fall  of  potential  5  volts.  Therefore  the  machine  must! 
lelop  at  least  1 15  volts  at  its  terminals  in  order  to  n 
ivolts  at  the  nearest  lamp. 

Now  a  further  fall  of  potential  would  lake  place  along  I 
IS,  E,  Fj  suppose  this  to  amount  to  10  %-o1ts,then  the  pressure 
the  most  distant  lamp  would  only  be  100  volts,  while  if  this  were 
ised  to  no  by  an  increase  at  the  dynamo,  the  nearest  lamp- 
Duld  then  be  working  at  120  volts.  Even  ignoring  the  waste  of; 
^er,  such  a  difference  could  not  be  permitted  if  similar  lampij 
ere  used  throughout  the  system,  as  some  would  be  giving  far 
jove  and  others  far  below  their  normal  candle-power. 

It  would,  however,  be  practicable,  but  very  inconvenient,  toi 
nploy  different  types  of  lamp,  placing  those  made  to  run  at  i  ro; 
)Its  at  the  end  near  the  dynamo,  and  others  constructed  for  100 
>Its  at  the  further  end  of  the  line,  and  so  on.  But  even  then,  if 
le  dynamo  were  perfectly  regulating,  the  potential  at  the  far  end 
r  the  mains  would  rise  considerably,  when  any  number  of  the, 
Barer  or  intermediate  lamps  were  cut  out  of  circuit 

Referring  again  to  the  figure,  it  will  be  observed  that  the  ni 
t  any  one  point  only  carry  a  current  equal  to  that  require'  " 
le  lamps  beyond  that  point.     Thus,  while  the  portion8,g)2 
le  whole  current,  those  portions   between  the  last  T 
le  last  but  one  only  carry  half  an  ampere.      The  a 
kains  might,  therefore,  be  reduced  by  one  hui 
unp  is  passed,  and  the  same  density  of  c 
E  retained.    This  isequiv.ilent  to  bunchifl 
irm  the  main,  and  taking  out  one  of  ther 
00  wires  were  separately  insulated,  that  i 
id  and  return  wire  were  used  between  t 
id  each  lamp,  the  pressure  at  the  ends  a(M 
onstant ;    and  since  the  resista 

lit  is  also  constant,  the    pressure  at  J 

Itered  by  any  variation  in  the  number  H 

I  means  of  maintaining  a  perfect* 

the  actual  pressure  at  the  lamp  ■ 
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resistance  of  its  particular  leads.     Great  as  ore  the  advaotajati 
sw^  a  method,  the  expense  would  forbid  its  being  employed  ii 
an  installation  extending  o%-er  a  large  area.      It  wiU  be  seen,  bo» 
ever,  th.tt  with  ordinarj'  mains,  if  the  resistance  is  sulticientlf  Im 
to  make  the  (all  of  potential  very  small,  then  the  %-ariation  whid 
would  take  pbce  in  the  potential  diflerence  at  the  extreme  end  a 
the  circuit  becomes  n^ligibly  stnalL     An  extreme  \z 
volts  might   be  allowed,  and  then,  by   maintaining  the  r 
pressure  of  1 10  volts  near  the  middle  of  the  system,  the  n 
lamp  would  ha^-e  but  1  u  volts  and  the  furthest  loS, 

It  is  necessary  10  be  able  to  observe  in  the  engine-room  li 
pressure  existing  at  the  far  and  near  ends  of  the  mains  U  ai 
moment,  so  as  to  be  able  to  keep  one  point  as  much  belov 
as  the  other  is  above  the  normal  pressure  ;  and  this  can  be  done 
by  leading  'pilot -wires'  from  the  mains  at  those  points  to  a  volt- 
meter  placed  at  the  generating  station. 

For  instance,  in  fig.  386,  a  thin  wire  might  lie  led  from  the 
point  a  and  another  from  b,  each  to  one  terminal  of  the  volt- 
meter, which  would  afford  an  indication  of  every  variation  at  tbe 
eittteme  end  of  the  mains.  A  second  pair  of  pilot-wires  might  be 
led  from  the  nearest  lamp  ;  or  by  leading  one  pair  only,  conneciod 
to  the  mai  ns  at  the  centre  of  the  system,  and  keeping  the  poteniill 
there  at  1 10  volts,  a  good  average  regulation  might  be  maintainei 

At  an  installation  at  Kensington  Court,  over  two  thousand  100- 
vott  lamps  are  run  in  parallel,  batteries  of  secondary  cells  being 
used  in  conjunction  with  the  dynamos,  for  regulating,  and  a; 
the  machines  to  meet  any  large  demand.  Several  circuits  bram^ 
out  from  the  engine-house,  some  of  the  lamps  being  900  jardt 
distant.  At  the  extreme  ends  of  all  the  mains,  a  pressure  of  100 
volts  is  maintained,  while  that  at  the  nearest  lamp  does  not  excwd 
102  volts.  A  pair  of  thin  wires  is  led,  as  mentioned  above,  (roa 
the  end  of  the  mains,  to  a  voltmeter  in  the  engine-house,  ai 
when  this  instrument  indicates  a  fall  of  potential  (caused  byli 
switching  in  of  more  lamps)  the  attendant  immediately  switcbt* 
one  or  two  secondary  cells  on  to  that  pair  of  mains,  in  scries  witi 
the  existing  cells,  thus  raising  the  pressure  to  the  required  value; 
the  cells  being  of  course  cutout  when  the  voltmeter  indicates  arise 
■of  potential.     The  mains  employed  in  this  case  consist  partly  of 
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ordinary  insulated  cable,  and  partly  of  bare  copper  conductors 
Blretched  over  porcelain  insulators,  in  concreted  channels. 

Although  on  a  simple  parallel  system  of  distribution,  the  ar- 
rangement is  such  that  the  whole  of  the  lamps  are  connected  in 
parallel  between  the  two  mains,  it  is  evidently  impracticable  to 
join  them  directly  across  (as  indicated  in  the  case  of  the  nearest 
and  furthest  lamps  in  fig.  286),  when  the  mains  are  carried  under 
the  roadway.     It  is  necessary  to  lead  a  wire  from  each  main  to 
^ery  group  of  lamf  s,  say  to  every  house  supplied,  in  the  manner 
1  at  M,  N,     The  higher  potential  mains  are  throughout 
rked  +,  and  the  lower  potential,  or  return  wires  — .     These 
nidtary  mains  should  be  proportioned  in  size  according  to  the 
mber  of  lamps  to  be  supplied  by  them. 
It  is  not  possible,  however,  to  sufficiently  reduce  the  resistance 
If  a  single  pair  of  mains  leading  direct  from  the  dynamo  to  main- 
"n  even  approximately  a  constant  pressure  at  all  the  lamps  if  they 
e  distributed  over  a  large  area  ;  a  method  of  facilitating  regula- 
n  such  a  case,  by  the  employment  of  subsidiary  mains  which 
I  the  mains  proper  at  certain  points,  but  are  not  themselves 
1  by  lamp-circuits,  will  be  described  later  on. 
le  method  of  employing  a  battery  of  secondary  cells  so  as  to 
;  in  the  regulation,  or  in  the  maintenance  of  a  constant 
tential,  is  indicated  in  fig.  286,  where  S  represents  such  a  battery, 
e  cells  are  joined  in  parallel  with  the  dynamo,  and  are  charged 
it  without  any  alteration  In  the  connections  being  necessitated. 
The  interactions   between  the  two  generators— the  dynamo 
i  the  battery— may  be  embraced  under  three  heads,     {a)  When 
:  E.M.F.  of  the  battery  is  less  than  the  potential  difference  at  the 
mo  terminals,  the  machine  is  supplying  current  to  the  lamps 
t  the  same  time  charging  the  cells,  the  strength  of  the  cur- 
t  passing  through  the  cells  depending  upon  the  e^cess  of  the 
1  dir,Tence  maintained  by  the  machine  over  the  e-m.f, 
if  the  cells,    {b)  When  the  hlm.f.  of  the  cells  becomes  equal  to 
e  potential  difference  at  the  machine  terminals  both  generators 
E  equally  active  in  feeding  the  lamp  circuit,     {c)  VVhen  the 
f  the  cells  rises  above  the  ncirma!— that  is,  above  that 
Otential  difference  which   is  required  to  be  maintained  at  the 
lals  of  the  generators  in  order  to  maintain  the  right  pressui? 


\  the  banery  not  only  feeds  the  bm[Ms:ail| 
e  at  the  machine  terminals.  This  r: 
IC  the  machine  being  shuntn-ound,  the  effect  is  to  a 
It  thnw^  the  field  coils,  giving  a  slrongft  Gd^ 
■Wcfassao)  tends  to  increase  the  e.u.f.  de\-eloped.  AVhcn  tl 
pH>*ni«l  diflcrence  thus  rises,  it  becomes  necessaiy  to  cut  out  a 
octwoccilstopmvnt  the  pressure  rising  sufficiendy  high  to  injn 
dte  faUBfK.  A  stDBtble  switch  is  empktyed  for  this  purpose,  an 
the  t^olaiioa  cflccted  by  an  attendant  in  accordance  with  tl 
inAcations  at  the  ^troeter. 

It  win  be  laDCinbered  that  if  the  engine  should  break  d 
the  crib  would  drrrc  die  ^ant  machine  as  a  motor  in  the  s 
diiectioo ;  but  an  ontomalic  cut-out  should  be  pn>vided  to  cDi 
Uk  djnamo  when  the  faack-cunent  from  the  cells  exceeds  a  cen 
fitnot.   A  pteceof  appnUoscapableof  performingtheseoperattoi 
was  described  io  Chap.  XIV. ;  it  dtM»nnects  the  machine  irl 
from  any  cmsc  its  potential  difference  falls  below  the  e.ilf.  t 
the  cells.      Under  such  diria instances  the  cells  would  \xa~ 
npoo,  and  shoold  be  able,  to  nm  even  the  whole  of  the  lamps  k 
a  short  period,  or  a  portioa  of  them  for  a  considerable  lime. 

It  also  hecoBies  possSile  to  ecofMmise  power  and  the  eipeoK 
of  attendance  by  only  numing  the  machine  during  the  hour;  wbco 
the  demand  is  a  ma\imuni,  allowing  the  cells  to  supply  current  M 
the  few  lamps  required  at  other  times. 

It  may  occur  to  the  student  that  a  considerable  saving  k 
mains  «-ould  be  eficeted  by  joining  groups  of  bmps  in  s 
between  the  mains,  oil  the  groups  being  thus  placed  in  pataM 
This  is  so  ;  few  if  the  tampi  were  placed  in  sets  of  four  in  seii^ 
the  )>otential  diflerence  between  the  mains  would  be  four  ti 
at  the  ends  of  one  bmp,  say  400  volts  instead  of  100.  Bjtlli 
means  the  maximam  current  in  the  mains  would  be  redoced  D 
one-fourth,  and  the  weight  of  copper  correspondingiy  reduced,  IB 
give  ihe  same  rate  of  loss  of  power. 

But  some  serious  difhculties  arise  in  connection  with  such  t 
system  ;  for  instance,  if  the  filament  of  one  lamp  in  a  set  breaks 
the  other  three  lamps  in  that  set  arc  immediately  e 
and  if,  to  remedy  this,  the  faulty  lamp  ts  merely  siM>n-eir(^u4 
Uie  remaining  three  get  too  much  cutrea^  and   may  abo  be 
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damaged.  Of  course  a  device  may  be  adopted  to  automatically 
-  switch  in  a  second  lamp,  or  to  replace  the  broken  one  by  a  resist- 
ance equal  to  it ;  but  the  latter  arranBemcnt  is  undesirable  on 
Account  of  the  waste  of  power;  and  in  either  case  the  extra 
fittings  cause  additional  trouble  and  expense. 

The  same  objection  arises  in  the  ordinary  case  of  switching  out 
one  of  a  batch  of  lamps. 

But  even  if  the  lamps  are  joined  in  sets  of  only  two  in  series, 
>  considerable  saving  is  effected  ;  and  a  method  hy  which  this 
can  be  done  without  introducing  any  of  the  difficulties  referred  to 
is  indicated  by  the  diagram  in  fig.  287.  It  is  known  as  the 
'  tliree-wire  system.' 

Two  equal  dynamos,  D,,  d,,  are  joined  in  series,  and  con- 

Ticrted  to  the  mains,  a,  b,  in  the  ordinary  manner.     That  is  to 

.V,  the  positive  terminal  of  Rj  isjoined  to  the  positive  main,  A,  and 

iL-  negative  terminal  of  Dj  to  the  main,  b,  while  the  negative  t»' 


minal  of  D,  is  coupled  to  the  positive  of  o,.  Suppose  each 
machine  to  be  capable  of  maintaining  a  potential  difference  of 
no  volts ;  then  when  thoy  are  so  joined  in  series  they  maintain 
the  mains  a  and  b  at  a  dilTerence  of  230  voUs.  The  lamps  being 
joined,  two  in  series,  across  the  mains  as  indicated,  the  potential 
difference  at  the  extremities  of  one  of  them  is  1 10  volts.  A  third 
wire,  c,  much  smaller  than  the  mains,  connects  the  junctions  of  the 
pairs  of  lamps,  -ind  is  also  joined  to  the  junction  of  the  dynamos. 
Now  when  the  number  of  lamps  between  a  and  c  is  the  same 
as  the  number  between  b  and  c,  the  potential  is  the  same  at  every 
point  along  the  wire,  c.  Hence  there  is  no  tendency  for  any 
current  to  flow  along  the  centre  wire  ;  it  might,  in  fact,  be  cut  at 
any  point,  or  removed  altogether,  without  in  any  way  affecting  the 
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?s,  as  indicated  in  the  diagram ;  two  complete  sets  of  cells 
ded,  their  positive  and  negative  terminals  tieing  connected 
nains  and  to  the  centre  wire  in  the  same  manner  as  are  the 
)  terminals. 

leans  of  reducing  the  difficulty  of  maintaining  a  uniform 
*1  difference  along  lengthy  mains,  is  afforded  by  the  use  of 
ident  conductors  connecting  various  points  in  the  circuit 
fith  the  generating  station,  and  these  subsidiary  leads  are 
'  feeders.'  In  some  cases  the  mains  themselves  are  not 
'ed  direct  with  the  generator,  the  whole  of  the  current 
supplied  to  them  at  suitable  points  by  way  of  the  feeders, 
the  potential  difference  at  or  near  the  particular  point  to 
a  pair  of  feeders  is  connected,  varies  (as  it  does,  with  a 
in  the  number  of  lamps  in  use),  this  difference  is  cora- 
^  for  by  correspondingly  varying  the  pressure  applied 
seders,  or  by  some  other  means  varying  the  current  paaa- 
>ugh  them.  When,  for  instance,  the  number  of  lamps  in 
i  increased,  the  pressure  between  the  mains  falls,  arid  more 
s  required  to  be  supplied  by  the  feeders,  and  vice  virsd. 
comes  necessary,  therefore,  to  provide  some  means  for 
indicating,  at  the  generating  station,  the  variations  of  the 
diflerence  at  the  points  where  the  feeders  join  the  mains, 
taciily  supplied  by  the  employment  of  pilot  wires,  after 
■'"  aiready  described,  these  wires  being  simply  connected 
leter.  When  the  instrument  shows  a  fall  of  potential, 
-ill  pressure  along  the  pair  of  feeders  is  augmented 
-stant  point  is  raised  to  the  required  standard.  On  the 
si^ould  the  potential  difference  in  the  mains  rise,  then 
^eders  must  be  reduced.  But  economical  adjustment 
Am  ■  _.  .J  ^j  attainment.  It  would,  for 
e  a  separate  dynamo  for  each 
y  ill  output  to  suit  the  demand, 
■ri.-  dynamos  connected  to  a 
S  die  whnle  of  the  feeders 
two.ii  Uii^sc  bars  must  be 
■d  i1k'  tL-gulation  can  then 
r  ckctro -motive  force 
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^^^Kxample,  a  wire  of  No.  12  b.w.g.  would  carry  Che  current  with 
^^^KT)  but  a  No.  S  or  No.  10  is  practically  used  on  account  of  its 
^^Ster  strength.  When  the  conductor  is  stranded,  7  No.  i6's  are 
employed,  ah  hough  7  No.  zo's  would,  froman  electrical  point  of  view, 
suffice.  \Ve  ought  perhaps  to  mention  that  all  overhead  bare  con- 
ductors must  he  of  hard-drawn  copper  in  order  to  ohtain  the 
r<equistle  mechanical  strength.  Ordinary  pure  copper  is  compara- 
tively soft,  andina  span  of  any  considerable  length  cannot  sustain 
■  «s  own  weight;  while  in  a  gale,  the  wind  pressure  enormously 
fzicrea^es  the  strain  upon  the  wire. 

Bare  conductors  are  supported  on  insulators  which  are  in  turn 
^uipportcd  by  poles  either  of  iron  or  wood  according  to  local 
«:ircuni  stances.     One  advantage  pertaining  to  wood  is  that  in  the 
^■ent  of  an  insulator  breaking,  the  conductor  is  still  partially  in- 
sulated from  the  earth,  which  would  not  be  the  case  were  an  iron 
■pole  employed.     Iron  poles  are  obligatory  for  over-house  work, 
or  where  appearance  has  to  be  taken  into  account.    The  best  pole 
is  ihat  which  consists  of  the  complete  trunk  of  a  straight  larch  or 
other  similar  tree,  which,  after  having  been   well  seasoned,   is 
thorouglily  impregnated  with  good  creosote.  The  natural  life  of  the 
pole  is  enormously  lengthened  by  this  treatment.     A  convenient 
compromise  is  often  effected  by  fixing  a  wooden  top  into  an  iron 
socket. 

Insulators  can  be  made  from  a  variety  of  substances,  but  for 
climatic  and  other  cogent  reasons,  white  glazed  porcelain  is  most 
frequently  employed. 

The  chief  requirements  are  hardness,  smoothness,  and  imper- 
viousness  to  moisture.  Lacking  either  of  these,  the  insulator  is 
practically  useless.  It  should  be  hard  in  order  to  resist  abrasion 
by  the  wire  ;  it  should  be  smooth  to  prevent  the  accumulation  of 
dust  and  dirt,  to  facilitate  cleansing  by  rain,  and  to  avoid  the  un- 
necessary wearing  away  of  the  conductor ;  and  it  should  be 
impervious  to  moisture,  in  order  that  the  rain  should  fall  off 
instead  of  entering  the  pores  of  the  substance  and  reduce,  more 
or  less  permanently,  its  insulating  properties. 

Brown  earthenware,  made  from  clay,  is,  taking  all  thin^  into 
consideration,  also  a  good  material.  It  is  very  hard,  very  dur- 
able, has   a   high   resistance,  and   the  glaze  which  it  can  take, 
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•and  that  at  the  very  point  where  complete  i 
|z.,  at  the  insulator  itself.  There  is  also  the  further  diffi- 
It  an  ordinary  covered  cable  has  not  sufficient  tensile 
to  enable  it  to  support  its  own  weight  in  a  span  of  any 
ible  length.  In  such  cases,  a  steel  wire  or  rope  s  (fig.  292), 
fted  by   shackle  insulators,   and  fic.  191. 

[  number  of  split  steel  rings,  R.    ^^S 
J  in  each  ring  is  a  galvanized  iron 
^  w,  which  supports  a  vulcanite 
and   through  which  the  cable  is 
I 

Mimes  the  conductor  is  suspended 
Iwtween  a  pair  of  steel  ropes  by 
rf  V-shaped  pieces  of  iron  wire, 
ice  being  attached  to  three  small 

Elite  porcelain  threaded  one  on  to 
ctor  and  the  others  on  the  ropes, 
[of  the  most  important  details  in 
ha  with  the  running  of  electrical 
ps  is  that  of  joiniing.  The  chief  features  which  should 
lo  a  well-made  joint  are,  that  the  electrical  continuity 
\t  fully  maintained,  that  its  mechanical  strength  should 
In  equal  to  that  of  the  conductor  itself,  that  no  free  ends 
ie  left  on  the  finished  joint,  that  it  should  be  durable 
btrically  and  mechanically,  that  it  should  be  as  compact 
fle,  and  that  with  a  covered  wire  the  insulating  coating 
b  made  continuous  and  as  uniform  as  possible, 
fcolid  conductors  up  to  a  quarter  of  an  inch  or  so  in 
i  there  is  no  better  joint  than  that  known  as  the 
lis '  (fig.  293),  which  illustrates  a  joint  of  this  kind  made 


I  two  lengths  of  No.  8  b.w.g.,  bound  with  No.  16.  The 
[the  two  conductors  are  carefully  scraped  and  laid  side 
(br  a  distance  of  about  two  inches,  about  an  inch  or  so 
hemity  of  each  of  them,  having  been  previously  bent  up  at 
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jics  to  the  axis  of  the  wire.  They  are  then  wound 
Vtiffuir,  with  several  turns  of  thin  binding  wire.  The  biodii 
|4lOcameniccd  on  one  of  the  wires  ocl)-,  rou  nd  wh  ich  four  or  fixe  i 
■R  woond ;  it  is  then  continued  as  dose  as  possible  o\-er  the 
wiies,  until  the  turned  up  portion  of  the  second  wire  i; 
a  few  turns  continued  round  the  single  wire  completing  ibe 
11^  The  joint  is  finished  by  carefuUy  and  completely  soli 
it  into  one  mass,  and  cutting  off  the  then  protruding  ends  of  UK 
wires,  stray  pieces  of  solder,  &c.  A  joint  made  in  ihis  nj 
approaches  as  nearly  as  possible  to  perfection,  for  its  resistance  b 
Icffl  th«n  that  of  the  other  portions  of  the  conductor,  and  is 
mechanical  strength  is  much  greater. 

The  method  of  jointing  a  covered  stranded  conduaor  i; 
simple.  Supposing  it  to  be  a  7-wire  strand,  the  insulating  covti- 
ing  is  removed  from  each  end  for  a  distance  of  a  few  inchei,  or 
being  taken  to  avoid  nicking  the  copper.  All  the  separate  wiits 
are  then  opened  out  and  the  centre  wire  on  each  of  the  ends  u 
be  joined,  is  cut  off  short  The  Iwo  sets  of  wires  are  next  brougbi 
end  to  end,  and  laced  leather,  just  as  would  happen  when  iko 
hands  are  placed  palm  to  p.ilm,  and  the  fingers  of  one  hanJ 
pbced  between  those  of  the  other.  This  being  done,  thepi 
ing  en  s  of  each  conductor  are  wTSpped  closely  round  the 
the  two  wrappings  being  in  opposite  directions.  The  joint  is 
trimmed  round  with  the  pliers,  and  the  whole  well  soli 
together.  The  soldering  is  a  more  important  matter  than  wadd 
at  first  sight  appear,  since  the  solder  is  relied  upon  to  maintsd 
the  electrical  continuity.  Every  care  should  therefore  be  ula 
that  the  copper  surfaces  are  scraped  clean  before  making  the  jwni. 
that  they  are  not  handled  more  than  is  absolutely  necessar>-,  v^ 
that  steps  should  be  taken,  as  far  as  possible,  to  prevent  oxidwai 
A  verj-  good  plan  is  to  use  tinned  wire,  and  to  employ  only  rcsin 
as  a  flux  The  con  doctor -joint  having  been  completed,  the  in- 
sulating corering  is  then  made  good.  If  the  material  is  gutta- 
percha, the  conductor  is  wrapped  with  several  layers  of  gaiti- 
percha  tissue  which  is  softened  by  wanning  with  a  spirit  lamp,  and 
kneaded  by  the  fingers  to  expel  air  bubbles,  A  few  layers  of 
gutta-percha  strip  are  afterwards  similarly  applied,  warmed  ind 
surfaced  up  with  a  warm  metal  tool,  prejiared  tape  bcinj;  wound 
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10  comjilcte  the  joint.  When  the  insulating  maierial  is  india- 
>ber,  strips  of  pure  rubber  are  employed  instead  of  gutta- 
■cha. 

When  the  conductors  are  to  be  laid  underground,  the  chief 
Bculty  to  be  contended  with  is  the  provision  of  efficient  and 
rable  insulation.  The  simplest  method  is  to  support  the  bare 
nductor  by  suitable  insulators,  after  the  manner  described  in 
lapter  XII.  The  distance  between  the  insulators  depends 
her  upon  the  rigidity  of  the  conductor,  or  upon  the  tension 
iich  it  can  withstand.  Since  every  insulator  is  a  point  of  leak- 
t  it  is  obviously  necessary  that  their  number  should  be  reduced 
far  as  possible. 

In  some  electric  hghting  installations  the  bare  conductors  are 
sported  by  ordinary  porcelain  insulators  fixed  in  a  brickwork 
iduit  with  a  concrete  lining.  In  others,  such  as  that  in  the 
Jl  Mall  district  (London),  in  which  the  three-wire  system  is  em- 
jyed,  the  mains  are  carried  in  underground  channels  almost 
Jong  in  section,  and  made  of  cast-iron.  At  the  junction  of 
jacent  lengths  a  groove  is  formed  in  the  sides  of  the  channel,  in 
lich,  at  right  angles  to  the  length  of  the  channel,  ts  fitted  a  stout 
ircelain  slab.  The  under  edge  of  the  slab  is  arched  to  allow  the 
^  flow  of  water  along  the  bottom  of  the  channel.  The  slab 
s  also  three  deep  vertical  slots  across  the  top,  the  centre  one 
■ing  somewhat  narrower  than  the  other  two.  Each  conductor 
insists  of  a  number  of  bare  copper  strips  placed  edgeways  in  the 
)ts,  and  drawn  tight  enough  to  prevent  contact  laterally,  while 
e  depth  of  the  strip  is  sufficient  to  prevent  sagging.  The 
ntre  conductor  is  formed  of  fewer  strips  than  the  outer  mains ; 
sile  the  conductivity  of  all  of  them  can  readily  be  reduced 
^ond  the  points  where  branch  circuits  tap  the  mains,  by  reduc- 
g  the  number  of  strips.  Long  experience  with  underground 
lambers  and  channels,  such  as  are  employed  for  many  other 
irposes,  has  shown  that  it  is  impossible  to  prevent  the  accumula- 
>t)  of  water  within  them ;  hence  the  necessity  for  amply  provid- 
g  for  the  ready  escape  of  water,  that  is  to  say,  the  conduit  must 
■  well  drained.  Electric  light  engineers  have  not  yet  had  a  suffi- 
;ntly  lengthy  experience  to  enable  them  to  appreciate  fully  the 
tl  difhculiies  which  await  them,  such  as  those  due  to  the  corro- 
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^  won  of  the  iion  and  the  falling  of  scale  from  the  roof  and  sida 
nf  ibe  channel ;  and  to  the  incrustations  and  fiingoid  giowtiu 
which  manifest  themselves  in  damp  undergro-.wid  charobeii 
would  appear  to  be  essential  that  good  drainage  should  be  Mipplc- 
mented  by  ample  ventilation.  Even  were  a  conduit  to  be  nade 
water-tight  there  would  still  be  sufficient  moisture  caused  by  o»- 
densation  to  oxidise  the  iron  and  make  the  surfaces  of  the  inaib- 
tors  damp ;  although  the  passage  of  a  heavy  leakage  current  tendi 
to  dry  the  surface  over  which  it  passes. 

It  will,  however,  be  evident  that  were  the  pipe  containing 
the  conductors  filled  with  some  good  liquid  insulating  materi^ 
this  accumulation  of  moisture  with  the  attending  disadvantage 
would  be  avoided.  Parafiin  oil  is  a  liquid  which  has  remaikablf 
high  insulating  properties,  and  is,  therefore,  suitable  (bt  th^ 
purpose,  but  with  a  conduit  constructed  in  the  ordinarj-  way,  da 
quantity  of  oil  required  would  be  enormous.  On  account 
however,  of  its  high  specific  resistance,  a  thin  film  suffices  W 
pre%'ent  leakage  from  one  conductor  to  another,  even  though  the 
potential  difference  between  them  be  very  great.  The  Broob 
system  is  based  upon  this  principle.  So  far  the  only  appliciatiott 
of  it  in  this  country  has  been  to  telegraphy,  where,  hDwe%'i 
has  proved  to  be  both  reliable  and  economical  under  almost  tbfl 
worst  possible  conditions.  A  cable  was  made  of  forty  cotton- 
covered  copper  wires  of  about  No.  i8  u.w.c.  These  woe 
bound  round  with  ordinary  braid  and  drawn  into  a  wTt>ughl-ins 
pipe  of  about  ij  inch  internal  diameter,  the  length  of  the  cable 
being  about  \\  mile.  The  ends  of  the  pipe  by  which  the  calJe 
enters  and  leaves  were  sealed  for  a  distance  of  two  or  three 
yards  with  paraffin  wax,  and  paraffin  oil  was  then  supplied  from 
a  reservoir  placed  at  one  end  at  such  a  height  as  to  be  above  the 
level  of  the  other  end.  The  joints  in  the  pipe  were  made  a) 
secure  as  possible,  but  for  some  time  the  line  was  subjea  » 
a  series  of  faults,  caused  by  the  leakage  of  the  oil.  The  average 
loss  may  be  put  down  at  about  thirty  gallons  a  month,  although 
from  February  to  September  1889  only  thirty  six  gallons  had  U» 
be  added  It  is  essential  that  the  pipe  should  be  not  only  water- 
tight, but  also  parafhn-tight.  The  paraffin  has,  in  fact,  beea- 
known  to  exude  through  the  iron  itself,  and  stand  in  small  beadi 
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on  the  outer  surface ;  hence  the  necessity  for  using  the  best 
«"Tought-iron  pipes.  The  chief  objection  to  the  system,  the 
insulation-resistance  of  which  is  almost  infinite,  is  that  it  affords 
few  or  no  facilities  for  branching  or  T-ing. 

The  insulation -resistance  being  practically  infinite,  the  system 
merits  the  serious  attention  of  electric  light  and  power-trans- 
mission engineers  ;  but  in  cases  where  the  mains  are  tapped  at 
frequent  intervals,  the  difficulty  of  making  the  branch  connections 
\v  ill  prolahly  prove  a  serious  drawback.  In  telegraph  work,  when 
two  or  more  of  the  conductors  get  into  contact,  through  the 
iL-akage  of  the  oil,  the  fault  is  removed  by  refilling  the  rese^^'oir, 
and  so  forcing  more  oil  into  the  pi|)e  ;  but  a  serious  accident  might 
arise  from  such  a  fault  were  the  conductors  to  be  employed  for 
the  transmission  of  heavy  currents  or  currents  of  high  potential 
difference.  Some  substance  other  than  paraffin  wax  would  also  be 
required  for  scaling  purposes,  for  were  the  conductors  to  become 
heated  thtotigh  a  short-circuit,  the  wax  would  be  melted  and  the 
oil  allowed  to  escape. 

Another  method  of  insulating  underground  conductors,  and 
the  one  generally  adopted,  is  to  cover  the  copper  with  some 
durable  substance  of  high  specific  resistance,  such  as  india-rubber 
or  gutta-percha. 

In  ail  such  cases  it  is  essential  not  only  to  efliciently  insulate 
the  conductor,  but  also  to  protect  the  insulating  covering  from 
deterioration  by  exposure,  and  to  protect  the  whole  cable  ■ 
from  mechanical  injury.  When  these  points  arc  very  carefully 
attended  to,  an  installation  with  insulated  underground  cables  for 
the  mains  is  very  reliable,  and  gives  iitile  or  no  trouble  in  main- 
tenance. But  carelessness  in  manufacture  or  laying,  or  the  use  of 
inferior  materials,  gives  rise  to  troublesome  and  most  expensive 
repairs. 

At  present  there  is  a  tendency  towards  false  economy  in  this 
matter.  A  thin  covering  of  the  insulating  material  is  placed  over 
the  conductor,  and  when  new  and  absolutely  perfect  the  insulation 
may  lest  higher  than  is  actually  essential  in  practice.  But  the 
slightest  indentation  or  abrasion  of  the  covering,  such  as  may 
easily  happen,  and  does  happen,  in  handling  during  the  process  of 
laying,  even  if  it  does  not  quite  expose  the  copper,  leaves  such 
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M  weak  spot  that  the  development  of  a  '  foult '  ibcre.  becomes  only 
■  question  of  time.  The  insulating  coi-ering,  of  whatever  maien  ^^ 
jhould  be  of  reasonable  thickness,  not  so  much  for  the  porixaq 
of  obtaining  an  extrejnely  high  initial  insulation-iesistance,  asttf 
ensure  its  maintenance  at  a  fairly  good  value-  Gutta-percha  m 
be  used  with  caution.  If  not  exposed  to  light  and  air  it  is  prac* 
tieally  imperishable,  and  it  may  therefore  be  used  with  advantigt 
under  conditions  which  are  at  all  similar  to  those  obtaining  in  ih 
case  of  a  submarine  telegraph  cable  ;  but  it  quickly  cracks  ud 
perishes  if  employed  in  a  dry,  airy  situation.  In  such  c 
india-rubber  would  be  preferable  ;  but  for  underground  work  pun 
and  simple  there  is  very  litde  to  choose  between  these  two  sab- 
Stances.  With  rubber,  the  copper  requires  to  be  tinned  in  ordw 
to  protect  it  against  the  sulphur  which  rubber  insuktion  usually 
contains.  Gutta-percha,  however,  softens  at  a  lower  tcmperaiuie 
than  does  india-rubber,  and  hence  is  more  likely  to  allow  the  ci 
ductor  to  become  decentralised  when  heated  by  the  current 

These  materials  are  the  best  available  for  insulating  purpose^ 
but  they  are  expensive,  and  a  large  number  of  substitutes  have  be 
introduced.  Some  of  them  are  fibrous  in  their  constitution,  ai 
are  impregnated  with  an  insulating  oil.  Their  specific  resistaoca 
are  lower  than  those  of  percha  or  rubber,  but  this  is  not  a  scrioa 
drawback  provided  the  coating  Is  sufficiently  thick.  They  are  w 
as  a  rule  impervious  to  moisture,  and  require  llicrefore  a  water- 
proof covering. 

In  some  instances  the  temperature  at  which  the  compound 
softens  is  ver)'  high,  whence  the  tendency  to  decentralisation  is 
reduced. 

Bitumen  is  a  good  insulating  material,  but  it  softens  at  a  to« 
temperature,  and  even  at  normal  tcm[>eratures  it  is  so  plastic  thai 
the  weight  of  the  conductor  itself  would  cause  it  to  sink  thruu(^  ■ 
the  coating.  The  processes  employed  by  the  Caliendt-r  BitumeQ  J 
Co.  overcome  these  objections.  'Ilie  material  is  vnitcanised  orfl 
treated  with  sulphur,  with  the  result  that,  while  retaining  its  hi^l 
insulating  properties,  it  becomes  rigid  and  holds  the  wire  pci-l 
mancnlly  in  position,  even  though  the  temperature  of  the  coo-1 
duutor  be  considerably  raised.  The  conductor  is  usually  i 
atranded  copper  wire,  tinned  to  protect  it  from  the  sulphur.    It  id 
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vith  a  sheath  of  the  vulcanised  bitumen,  applied  under 
Mvy  pressure  in  one  solid  layer  to  the  required  thickness.  This 
sheathing  is  then  covered  with  cotton  tape  treated  with  bitumen, 
the  number  of  layers  ranging  from  one  to  five  ;  the  cable  is  passed 
tiirough  a  bath  of  hot  compound  after  each  serving  of  tape.  The 
next  process,  for  underground  cables,  is  to  apply  a  coaling  of  jute 
yarn,  and  after  another  passage  through  the  bath  to  cover  it  with 
hemp  braid.  Most  of  the  cables  are  subjected  to  this  treatment, 
the  higher  degrees  of  insulation  being  obtained  by  increasing  the 
.  thickness  of  the  dielectric — that  is,  of  the  vulcanised  bitumen.  For 
the  smaller  cables,  such  as  are  employed  for  indoor  work,  a  layer 
of  parchment  tape  is  interposed  between  the  conductor  and  the 
bitumen. 

For  important  underground  work  the  company  has  three  dis- 
tinct systems,  the  cables  in  all  such  cases  being  made  as  already 
described  with  the  higher  degree  of  insulation.  In  the  first  of 
these  systems,  a  rectangular  cast-iron  trough  is  laid  in  a  trench. 
The  troughing  is  made  in  six-foot  lengths,  the  thickness  of  the 
metal  ranging  from  three-  to  five- sixteenths  of  an  inch  ;  the  internal 
dimensions  vary  according  to  the  number  and  size  of  the  cables, 
but  in  all  cases  the  cable  is  kept  at  some  considerable  dis. 
tance  from  the  iron.  One  end  of  each  length  of  the  troughing 
fits  into  a  socket  made  at  the  adjacent  end  of  its  neighbour.  The 
two  lengths  are  then  bolted  together  and  the  joint  sealed  with 
bitumen.  The  cables  are  supported  by  a  number  of  wooden 
bridges,  generally  placed  at  intenals  of  two  feet.  Each  bridge 
before  being  placed  in  position  is  treated  with  bitumen,  and  has 
two  or  more  vertical  slots,  according  to  the  number  of  cables,  each 
slot  being  rounded  at  the  bottom,  and  just  wide  enough  to  fit  the 
cable.  A  small  quantity  of  natural  or  unvukanised  bitumen  is 
run  along  the  trough,  and  the  bridges  are  imbedded  in  it  before  it 
solidifies.  The  cables  are  then  laid  in  position  in  their  respective 
slots,  the  dimensions  of  the  wood  being  sufficient  to  keep  them  well 
clear  of  each  other  and  of  the  iron.  The  trough  is  next  filled  up  with 
pure  bitumen  and  covered  in  with  a  one-inch  layer  of  concrete,  or 
an  iron  lid.  It  may  be  urged  as  an  objection  to  this  system  that, 
the  cables  having  been  once  laid,  cannot  in  the  event  of  a  fault 
occurring  be  withdrawn  ;  but,  on  the  other  hand,  the  system  [lermits 
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of  such  good  work  being  put  in  that  the  chances  of  ■  brukdon^ 
can  be  made  very  remote. 

The  second  of  these  systems  is  designed  to  allow  the  caUK, 
which  arc  similar  lo  those  used  in  the  prcnous  case,  to  be  wnt 
drawn  separately.  The  channelling  consists  of  blocks  nrinium  n 
concrete  made  in  six-foot  lengths  and  jointed  by  a  sadd.  / 

the  same  material.    The  blocks  are  provided  with  li  I 

circular  holes  or  'ways,'  varying  in  size  and  numbtf  icuraw; 
to  the  requirements,  but  only  one  cable  is  placed  in  each  my.  In 
most  cases  there  are  cither  two,  three,  or  four  ways,  the  diamelcn 
most  frequently  emjiloyed  being  i^,  a,  or  3^  inches. 

Draw-boxes  arc  provided  at  convenient  intc^^■aJs,  and  the  Wocki 
having  l>een  fixed  together  in  the  trench,  llie  c.iblcs  ore  drawn  in. 
This  system  has  also  the  advantage  that,  should  the  cablc-eoTwinj 
fail  or  give  way,  serious  damage  is  prevented  from  the  faa  thu 
supporting  material,  i.e.  the  bituminous  concrete,  is  agood 

The  '  saddle-pieces '  embrace  the  sides  and  bottom  of 
blocks,  and  are  provided  with  two  grooves  (one  on  either  sidei 
the  joint),  which  are  filled  with  bitumen. 

In  the  third  system  the  insulating  material  is  fibrous  in 
constitution  and  is  sheathed  in  lead.  Over  the  conductor 
a  layer  of  parchment  tape.  Next  to  this  is  applied  a  rather 
layer  of  fine  yarn,  which  has  been  dried  at  a  very  high 
and  then  impregnated  with  boiling  bitumen  under  pressure, 
characteristic  feature  of  this  cable  consists,  in  fact, 
cesses  adopted  for  the  complete  exclusion  of  moisture  and  tk 
Immediately  after  the  impregnation  is  completed,  and  while  A 
bitumen  is  sliU  hot,  i  lie  lead  sheathing  is  put  on  direct  vith  Ife 
aid  of  hydraulic  pressure.  The  subsequent  treatment  varies  ni^ 
circumstances,  but  it  is  usually  necessary  to  protect  die  let 
from  mechanical  injury  and  the  chemical  effects  of  certain  ml 
For  these  purposes,  the  lead  is  passed  through  an  asphalte  bi 
and  is  then  served  with  steel  wire  or  ribbon,  which  is  also  covM 
with  biiumeiu'sed  tape  or  braid. 

We  have  already  described  the  method  of  niaking  the  splqi 
or  long  joint  for  stranded  conductors,  bui  in  all  Callender  aiH 
aitolherform,  known  as  the  'marriage 'joint,  is  employed;  apoflkl^ 
of  the  joint  is  illustrated  in  fig.  294.     More  skill  and  lime  aie 
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aake  this  joint  than  are  in*ohed 
las  the  ad^-anuge  that  the  ooDdor. ' 
jghout.  It  b  abo  ^07  ttnmg  ai>d  -. 
s  wound  separateij  loand  the  ot.^.' 
that  it  abuts  against  tbe  aid  ti  1 
'  the  joint.  Tbe  end-to-^Hi  aln,: 
ds,  as  can  be  gaibcred  (nm  Ae  lU-.  - 
soldered.     The  cowriog  is  nmlc  £l. 
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I 


compound  ;  and  mechanical  protection  is  afforded  by  a  dont* 
sheathing  of  iron  ribbon  (shown  white),  the  external  co«ritigh< 
another  serving  of  the  impervious  compound.      This  cable  n 
constructed  to  be  laid  bare  in  a  Irencb,  and  it  contains  th 
wires  which  are  necessary  on  an  extensive  parallel  system. 
two  wires  can  be  seen  on  the  left  of  the  conductor ;  tbcjaici 
thin  copper  insulated  with  guttapercha. 

The  lead  sheathing  is  drawn  on  cold  at  an  enormous  p 
and  squeezes  the  fibre  insulation  into  a  solid  mass.      The  at 
coalings  of  lead  afford  greater  security  against  a  small  imperfecl 
than  could  be  obtained  by  a  single  coating  with  the  same  wd 
of  metal. 

When  the  cables  are  laid  in  an  iron  troughing,  the  iron  st 
ing  is  dispensed  with,  and  the  pilot  wires  are  laid  separately. 

Wires  inside  a  building  must  be  efficiently  protected  to  av 
damage  or  accident,  as  well  as  to  maintain  the  insulatioa  i 
good  plan  is  to  run  ihe  wires  along  parallel  grooves  in  a  * 
casing,  as  it  is  usually  stipulated  that  the  coverings  of  the  t»o 
conductors  should  always  be  separated  by  an  tnde|>endent  solid 
insulating  substance.  When  it  is  necessary  for  one  wire  lo  cross 
another,  a  slip  of  wood  is  interposed.  The  casing  can  be  made  ink, 
variety  of  forms,  and  if  necessary  can  match  the  beading  or  comict 

India-rubber  covered  with  braided   cotton  forms  i" 
best  material  for  insulation  for  indoor  work.     Gutta-percha,  fof 
the  reasons  already  enumerated,  is  less  suitable,  although  its 
can  be  considerably  lengthened  by  protecting  it  from  the  a 
sphere,  whieh  can  be  accomplished  by  carefully  co\'ering  it 
tarred  tape. 

We  have  already  described  certain  pieces  of  measuring  appa- 
ratus, but  diere  are  a  number  of  other  internal  fittings  which  now 
claim  attention. 

The  switch  is  a  piece  of  apparatus  which  is  in  constant  us^  4 
and  for  a  variety  of  purposes,  but  chiefly  to  form  a  ready  and  «•  [ 
peditious  means  of  making  and  breaking  a  circuit.  The  cxlensioD  I 
of  the  electric  light  has  engendered  a  considerable  developmuU  I 
in  the  constructional  details  of  such  instruments,  but  in  almost  all  j 
cases  the  same  general  ol>jects  have  been  kept  well  in  view.  The  1 
forms  of  switch  in  use  prior  to  1S78,  from  which  lime  the  revival  T 


'SVftKfUf 

»if  electric  lighting  may  be  said  to  dale,  are  altogether  inadequate 
"Sot  present  purposes,  mainly  on  account  of  the  large  currents 
S0«hich  they  are  required  to  carry,  and  the  high  potential  differences 
wvhich  may  exist  between  the  different  portions  of  the  apparatus. 

In  order  that  a  switch  may  be  capable  of  efficiently  performing 
« ts  functions,  its  metallic  parts  must  be  sufficiently  massive  to  carry 
the  required  current  without  heating  or  offering  any  appreciable 
■resistance ;  the  contact  surfaces  must  for  similar  reasons  be  exten- 
sive ;  the  moving  contact  piece  must  press  firmly  on  to  the  fixed 
one  ;    and   simple  striking  contacts  must  give  place  to  rubbing 
contacts,  to  avoid  partial  insulation  through  accumulation  of  dust 
and  metallic  oxide  films.     The  circuit  should  not,  when  otherwise 
practicable,  be  completed  through  the  axle  upon  which  the  rotating 
arm  travels,  unless  a  good  independent  rubbing  contact  between 
the  axle  and  the  bearing  is  provided,  as  dirt,  oxide,  &c.,  are  liable 
to  accumulate  at  the  bearing  surfaces,  and  in  time  impair  the 
efficiency  of  the  switch. 

The  switch  should  be  so  constructed  thai  there  is  the  minimum 
abrasion  and  wearing  compatible  with  good  and  certain  contact, 
and  such  parts  as  do  wear  away  should  be  easily  adjustable  or 
cheaply  renewable,  so  as  to  permit  the  re-establishment  of  good 
contact.  In  alt  cases,  but  more  especially  for  currents  of  high 
E-M.F.,  the  lever  should  be  provided  with  a  handle  of  insulating 
material.  The  terminals  should  never  be  so  placed  that  in  turn- 
ing the  handle  there  is  any  chance  of  the  instrument  being  short- 
circuited  by  the  operator's  hand.  When  contact  is  broken  the 
current  (especially  if  the  circuit  contains  any  apparatus  having 
considerable  self-induction)  sparks  across  the  air  space  in  the 
effort  to  continue  its  cour.se,  volatilising  a  portion  of  the  metal 
Mirfaces.  After  such  an  'arc'  has  been  once  established  its 
maintenance  is  not  a  matter  of  great  difficulty  ;  and  it  is  evident 
tiiat  such  an  arc  is  quite  competent  to  start  a  serious  fire,  besides 
in  any  case  damaging  the  switch  contacts.  It  is  advisable  to  pro- 
vide a  snap-action,  so  that  the  lever  is  set  decidedly  either  on  or 
off  the  fixed  contact,  the  spring  being  so  arranged  that  the  lever 
is  jerked  quite  away  when  it  is  turned  almost  out  of  contact.  The 
actual  sparking  can  in  a  great  measure  be  prevented  by  causing 
the  contact  to  be  broken  gradually  instead  of  suddenly.    The 
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movable  contact  can  be  made  to  quickly  travel  o^-cr  a  set  of  Gi 
I  contacts,  throwing  more  resistance  in  circuit  al  each  step,  v 
I   cuneni  has  become  so  low  that  it  is  incompetent  to  causeaie 
spark.    Such  a  device  need  only  be  used  in  special  cases.  " 
iiact  surfaces  can  easily  be  proiecied  by  arranging  two  ca 
rods,  placed  end  to  end,  as  a  shunt,  and  allowing  the  c 
bclwcen  ihe  two  carbons  to  be  broken   just  after  i 
the  metillic  surfaces.     The  sparking  then  occurs  a 
surfaces,  and  the  rods  can  easily  be  renewed  when  necessary. 
buse  of  the  instrument  should  be  of  some  good  insulating  tc 
not  liable   to  warping  or  appreciable  expansion  or 
AVood  should  therefore  be  used  with  caution. 

^Vhat  is  required  is  a  material   which   is  non-inflammabk 
good  insulator,  does  not  readily  condense  moisture,  or  t 
the  accumulation  of  dust  and  dirt.     Slate  is  a  good  material  if  fm  I 
from  impurities,  such  as  mineral  streaks  or  veins  ;  glazed  pomeiajn 
condenses  moisture  freely,  and  is  brittle,  the  latter  objection  also 
applying  to  serpentine. 

With  these  introductory  remarks  we  can  describe  a  few  of  th; 
v.irious  forms  of  snitch  now  in  u^e.      The  ' ring '  contact  switch 


t  is  mounted  on  a  slate  b.ise,  each  terminal  diptoO" 
sisting  of  a  number  of  split  brass  rings  placed  inside  one  anotha^ 
the  contact  being  made  by  forcing  the  connecting  bar  into  ibei 


rings.  This  b.ir,  which  is  a  strip  of  slout  brass  with,  in  the 
r  form  illustrated,  the  ends  bent  round,  is  provided  with 
Dtial  wooden  handles,  As  the  contact  surfaces  wear  away, 
p  can  be  reduced  by  tightening  up  the  bolt  which  it  will  be 
asses  across  the  vertical  diameter  of  the  rings.  Lugs  cast 
the  under  side  of  the  outer  rings  extend  beyond  the  base, 
re  bolted  to  terminals  underneath,  or  to  tubular  holders 
hich  the  main  wires  can  be  soldered.  It  will  be  seen  that 
1  of  switch  practically  answers  every  requirement,  the 
possible  connection  being  obtained,  and  the  contact  sur- 
being  self-cleaning.  It  is  made  to  carry  currents  up  to 
3o  amperes, 

Messrs,  Woodhouse  &  Rawson  also  make  an  excellent  form  of 
|h,  shown  in  fig.  297.     The  switch  bar  consists  of  a 


)ur — bent  strips  of  hard  brass  which  rub  on  v 
ntjlocks  of  a  similar  material.     The  edges  of  these  bloc 


bevelled,  to  prevent  the  bar  |ainng  against  them,  and  al  ihe  s 
lime  to  allow  a  lo  slide  fully  on  to  them,  althoagb  the  pi 
considerable.    The  switch  has  a  quick  break,  almost  a. 
oiring  to  the  action  of  a  bent  spring,  whicb  is  compotindcd  d 
steel  irires,  as  shown  in  the  figure.     Tlu's  spring  presses  aj 
projection  Trom  the  axle,  which  is  edge-on  when  the  s 
the  position  shown,  but  which  with  a  small  morement  is  pi 
obliquely  to  the  spring,  allowing  the  latter  to  jerk  the  ano  w 
clear  of  the  contact  hlocks.     These  switches  are  provided  ■ 
metal  covers  which  are  fiited  by  a  bayonet  joint 
^_  Fig.  39S  shows  a  modification  which  is  made  lo  cany  u] 

^r  S^'o  am] iltls.     The  contact  arm  or  bar  is  made  of  s 

strips  the  extremities  of  which  move  over  stout  contact  pliies 
fixed  to  the  slate  base.  This  is  a  *  three-way '  switch,  the  coniaa 
block,  shown  under  the  handle,  being  sufficiently  large  to  alio" 
the  arm  to  complete  the  circuit  from  it  lo  one  or  other  of  the  vn 
blocks  near  the  opposite  end  of  the  arm.  The  circuit  can  also  be 
completely  disconnected,  in  which  case  the  arm  should  be  made 
lo  rest,  in  the  intermediate  position,  on  a  pair  of  small  plates,  OM 
of  which  can  be  seen  in  the  front  of  the  figure. 

Fig.   299  illustrates  a  somewhat  similar  switch  for  enahlinj 
extra  secondary  cells  to  be  placed  in  or  oul  of  circuit, 
during  charge  or  discharge,  as  the  arm  is  made  to  r 
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short-circuiting  of  .1  ct'U  is  prevented  by  a  coil  of  wire  of  suitable 
•*sisiance  mounted  on  a  vulcanised  fibre  frame  below  the  slate 
base,  the  whole  switch  being  fixed  on  a  hollow  cast-iron  frame, 


perforated  in  several  places  to  allow  a  free  current  of  air  to  pass 
ihrough  it 

Another  very  useful  form  of  switch  is  that  in  which  the  movable 
Bum  consists  wholly  or  in  part  of  thin  flexible  copper  strips,  screwed 
Krtnly  into  square  tubes  or  sockets,  and  rubbing  edgeways  over 
solid  brass  or  copper  blocks.  In  one  such  switch  the  arm  consists 
«f  a.  stilf  fiat  spring  terminating  in  square  holders,  in  which  the 
flexible  brushes,  composed  of  a  great  number  of  strips,  are  held 
by  set  screws.  This  type  has  the  advantage  that  there  is  always 
m  extensive  contact  surface,  that  adjustment  is  easy,  that  the 
brushes  are  comparatively  inexpensive,  and  that  they  can  be  readily 
removed  for  cleaning  or  renewal. 

In  another  switch  of  this  type  the  arm  consists  of  a  large  bundle 
of  long  flexible  copper  strips,  passed  through  a  rectangular  hole  in 
the  axle  and  fixed  firmly  in  position  by  screws.  In  this  case  ihe 
brushes  rub  against  the  inner  vertical  faces  of  the  fixed  blocks, 
instead  of  over  the  upper  horizontal  surface. 

A  switch  of  some  kind  is  required  in  connection  with  every 
incandescent  lamp  or  group  of  lamps,  and  of  this  class  there  is  a 
vast  number  in  use,  many  of  them  being  simple  forms  of  those 
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gjrcady  desmtied.     Fig.  300  shows  one  made  by  Messn.  Foilnl 
Lancaster  &   Co.,  in  which  the  wires  are  cotineclrii  ti 
of  brass  blocks  which  in  their  turn  are  connected  lo 
flat  springs,  whose  free  ends  ride  over  projections  nn  iht  »oad<4 
ebonite  bar  a  e,     Eiich  of  these  projections  con&iUi  of  Iwill 
one  lM:ing  a  non-conductor  and  the  other  brass.     In  '^t& 
ihc  flat  springs  rest  on  ihc  two  insulating  studs,  but  on  pi 
A  B  inwards  towards  the  left,  the  springs  ride  over  and  make  CO 
tact  with  die  tirass  studs,  which  being  but  the  ends  of  a 
brass  rod  passing  through  A  b,  complete  the  circuit  of  the  bmp.1 


Fig.  301  illustmies  a  cl.iss  of  switch  known  as  a  wall  soctcl, 
which  is  useful  tn  cases  where  it  is  required  to  place  a  morabk 
lamp  in  circuit  at  one  or  other  of  a  number  of  positions,  in  sodi 
places  as  cellars,  workshops,  libraries,  ship's  bunkers,  eia  The 
leads  are  joined  to  a  pair  of  terminals  in  the  lower  block,  whki 
is  permanently  fixed  in  position.  The  upper  or  morable  btocl: 
carries  the  lamp,  (he  terminals  of  which  arc  connected  to  two  ^ 
spring  plugs,  which  a»n  be  pushed  into  the  socket  piece  and  u 
complete  the  circuit  through  the  lamp. 

Highly  important  as  switches  undoubtedly  are  in  an  electric 
light  circuit,  cut-outs  can  scarcely  be  said  to  be  less  so. 
function  of  a  cut-out  is  primarily  to  prevent  damage  being  donetQj 
the  apparatus,  the  leads,  or  the  building  in  which  they  are  ptf 
by  means  of  an  unduly  strong  current  ;  and  the  way  in  which 
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c-ds  this  protection  is  liy  automatically  disconnecting  the  circuit 
»  the  current  from  some  ciusc,  accidental  or  Otherwise,  ex- 
3s  3  certain  pre-determined  limit. 

"There  may  be  said  lo  be  two  species  of  cut-outs,  (■»)  those 
Laaled  by  an  electro -magnet,  and  {b)  those  consisting  of  a  piece 
"^wire  or  foil   which  melts  or  fuses  with  a  current  of  definite 
igth. 

A  magnetic  cut-out  consists  essetitially  of  a  coil  of  wire  placed 
%hc  maiii  circuit  and  provided  with  a  movable  core,  or  armature, 
^    "vhich  is  attached  a  strip  of  metal  also  forming  a  part  of  the  main 
*"*"<aiit,     "When  the  current  rises  above  the  prescribed  strength, 
■^^  coil  attracts  its  core  or  armature  with  sufficient  force  to  draw 
"■"^^say  the  strip  and  break  the  main  circuit.     But  it  is  necessary  for 
■^e  contact  made  by  the  strip  with  the  ends  of  the  main  circuit  to 
-^^2  very  good  and  also  frictionless,  otherwise  the  pull  required  to 
*^*rL'ak  contact  would  be  liable  to  vary.     In  the  best  instruments 
^Vie  two  ends  of  the  main  circuit  terminate  in  cups  which  are  partly 
*^lled  with  mercury.  A  horse-shoe  shaped  copper  rod  is  attached  at 
"its  centre  to  the  armature,  and  each  leg  dips  into  one  of  the  mercury 
*:ups.     The  contact  is  thus  reliable,  but  there  is  a  chance  of  serious 
sparking  occurring  at  the  mercury  surface  when  the  contact  is 
l>rokcn  with  a  heavy  current,  especially  if  any  large  electro -magnet 
liaving  considerable  self-induction  is  included  in  the  circuit.     The 
advantages  of  such  a  cut-out  are,  that  it  can  readily  be  adjusted  tu 
act  with  certainty  with  any  given  current,  either  by  varying  the  ten- 
sion of  an  antagonistic  spring,  or  by  altering  the  centre  of  gravity 
of  the  moving  piece.     It  can  also  be  arranged  to  automatically  re- 
store the  connection  when  the  current  falls  again  to  a  safe  value. 
Although  this  latter  arrangement  is  not  as  a  rule  adopted,  the 
apparatus  can  be  immediately  restored  to  its  normal  state  by  hand, 
when  the  cause  of  the  rise  in  the  current  "has  been  discovered  and 
removed.     It  is  manifest  that  the  resistance  of  the  apparatus  must 
be  kept  extremely  low  to  avoid  serious  loss  of  power.     It  requires 
a  certain  amount  of  attention  and  is  expensive  compared  with  the 
lyjie  next  to  be  considered,  viz.  the  simple  fuse. 

A  fuse  can  be  constructed  so  as  to  offer  very  little  resistance 
and  therefore  to  absorb  but  little  power.  It  must  of  course 
offer  some  resistance,  since  it  is  owing  to  the  heal  developed  by 


ilic  current  in  overcoming  this  resistance  that  ihe  fuse  is  mrfieiH^ 
Obviously  a  fuse  made  of  a  metal  which  has  a  low  melting  pottVA 
requires  comparatively  little  electrical  energy  to  raise  it  iDaoi&k 
of  fusion  ;  and  hence  a  fuse  composed  of  such  a  loeti!  laiTtKa 
made  of  lower  resistance,  and  so  absorb  less  power,  than  if  a  meti  b^ 
with  a  high  melting  point  (such  as  platinum,  2,000°  C.)  tk  1^ 
employed.  In  fact,  with  a  well-designed  fuse  the  chief  i:3'.K'i  I 
loss  of  power  is  likely  to  be  in  the  careless  connection  o(  lU  * 
extremities  to  the  termin.ils  of  the  main  circuit.  ^ 

Such  a  cut-out  has  no  working  parts  likely  to  get  out  of  qi4(^| 
or  to  need  any  attention,  is  very  inexjiensive,  and,  if  propci|^| 
designed,  can  be  relied  upon  to  act  when  the  current  re:iches^H 
particular  strength,  or  at  any  rate  within  about  S  per  cent  of  iL  ^H 

The  fuse  must  be  designed  so  as  to  break  promptly  and  c^H 
tainly,  and  manifestly  it  should  not,  if  it  can  possibly  be  avoiddH 
be  allowed  to  get  red-hot,  otherwise  the  danger  from  fire  beconw  I 
serious.     The  lower  the  temperature  at  which  the  melal  eraplored 
mells,  the  le.ss  is  the  danger  thus  incurred.     It  must  not  be  for- 
gotten that  good  conductors  of  electricity  are  also  good  conductor; 
of  heat,  and  that  therefore  the  terminal  screws  to  which  the  fu.-t 
is  attached  conduct  the  heat  rapidly  away.     This  fact  necessiiaii-. 
the  fuse  being  made  rather  longer  than  would  otherwise  be  Ihe 
case  ;  and  while  the  terminals  must  be  sufficiently  massive  to  alio*    I 
good  and  reliable  connection,  they  should  not  be  unnecessarily  set 

It  is  almost  superfluous  to.idd  that  the  metal  employed  shoaW  J 
be  durable,  and  not  subject  to  change  from  any  cause  such  iS  J 
oxidation.     Platinum  fulfils  this  condition  admirably,  and  .vet  il  1 
is  a  most  unsuitable  material  for  general  work  on  account  of  it 
high  temperature  at  which  it  melts.    It  is,  in  fact,  easy  to  ir 
it  at  a  bright  red  heat  for  a  considerable  length  of  lime.    ' 
however,  melts  at    235"   C.  ;  it  is    very   durable,   only  sligM 
oxidisable,  and,  taking  all  things  into  consideration,  is  undoul* 
the  best  metal  for  a  fuse. 

The  best  work  in  this  field  has  been  performed  by  Mr.  i 

C.  Cockburn,  whose  fuse  is  illustrated  in  fig.  30a.     The  wire  ts 

pure   tin,  a  leaden  shot   is  cast  on  at  the  middle   of  ihe  k 

and  its  entteTOiVves  xavctiwasja  m  skvsiU  contact  rings. 

.    rings    are    sW^^ei    Qnci    *ie   \a.im\\«i,  ■ 


Fuses 


6x1 


lire,  .^^  "^'  ""'      ^^ 


tightly  screwed  down   reliable  contact   is  ensured.     The 
ce  between  the  screws  is  such  that  the  s.ig  of  the  wire  is 

equaJ  to  that  shown  in  the  figure,  and  immediately  the 
It  becomes  strong  enough  to  de- 
kufficient  heat  to  soften  the  wire, 
eight  of  the  leaden  shot  causes  I 
npt  and  decided  break.    The  di 
ction  thus  occurs  long  before  the  v  ^ 

tature  is  reached  at  which  the  ^^^"^^ 

vould  become  red  hot,  and  be-  f|P 

ly  wood  would  ignite  or  even  char. 

ises  in  which  these  fuses  are  fixed  are  usually  made  of  hard 

or  of  slate  or  porcelain  for  the  base  with  a  brass  cover 

d  by  a  bayonet  joinL  In  some  instances  a  wooden  case 
Irith  asbestos  and  fitted  with  a  glass  cover  is  employed,  the 
Advantage  being  that  the  fuse  can  easily  be  inspected,  so 
hen  a  number  are  in  use  it  can  quickly  be  ascerlaini'd  which 
one  it  is  that  requires  to  be  renewed.  The  rings  at  the 
|f  [he  wire  enable  the  replacement  to  be  effected  with  ease 
^idity,  aiid  they  have  the  further  advantage  that  they  pre- 

any  uncertainty  as  to  the  length  of  wire  actually  in  use. 

the  capacity  of  the  terminal  screws  for  conducting  away 

it  affects  the  result,  the  fuse  should  only  be  employed  in 
tticular  type  of  case  for 
It  bas  been  designed. 

heavy  cunents  several 
iratively  small  fuses  are 

in  parallel,  instead  of 
ying  a  massive  wire, 
tangemenl  which  makes 
certain  the  breaking  of 
when  the  particular 
tt  strength  is  exceeded. 

fig-  303  is  shown  one 

simple  fuses  placed  in 
m,  the  coverof  thecase  lieiii- rL'ii;..\r.i.     ]W-  ..mi--  uf  the 

lead  are  brought  up  through  hoW's  in  Hm;  slaW  ha.=.*i,  Qtvt 

of  two  Hxed  brass  strips,  the  fuse  llseV^  'qcto?,  ^:ijT»-v««.eft. 
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to  other  terminal  screws  on  the  same  strips.    The  cas* 
quired  he  placcil  horixonuUy. 

Many  other  lilies  of  cut-outs  arc  in  use,  some  consi 
wire,  and  others  ot  tliin  foil  of  \-an'ous  metali,  tnil  ihil  d 
is  probably  the  best  fur  general  work,  and  is  sufficiently  ine 
to  nilow  of  one  being  placed  in  circuit  with  ewry  incai 
hmp  in  any  installation. 

An  illustration  of  a  method  by  which  a  cut-out  maybe 
lo  piotccl  a  single  lamp  is  furnished  by  fig.  304,  whidi 
cuiling-tose,  or  a  devitie  for  placio 
in  circuit  between  a.  pair  of  leads 
along  a  ceiling,  and  suspending 
therefrom.  The  wires  from  ihi 
enter  through  holes  in  the  h: 
apparatus,  and  are  connected  i 
small  brass  block  or  strip,  one  <i\ 
also  connected  to  one  lamp  termii. 
ihe  otiier  to  one  end  of  the  safet; 
'  I'hc  other  end  of  the  fuse  and  th( 
ninal  of  the  lamp  are  joined  to  i 
brass  block.  'I'hc  flexible  double  < 
which  the  lamp  is  suspendnl  is  ih 
through  a  hole  in  the  ccuuc  of  the 
which  screws  on  to  the  base. 

One  possible  objection  to  then: 
fuse  is  thai  when  it  does  act  unc 
inducnce  of  a  too  powerful  curret 
destroyed,  breaks  the  circuit  of  thi 
or  lamps,  and  must  be  replaced 
Ihc  ■  irciiit  is  again  available.  It  will  be  e«dcnt  that  su( 
ouLs  must  be  cheap,  placed  in  accessible  situations,  be 
replaceable,  and  be  confined  in  an  infusible  or  non-infhii 
cast 

The  cut-outs  which  we  have  thus  far  descril>ed  are  in 
as  a  safeguard  against  the  maintenance  of  an  excessive  currer 
as  might  be  caused  by  the  short-circuiting  of  a  lamp,  and  tl 
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'■  guarded  against  is  rather  a  disconnection  than  a  short 
nit,  for  should  the  filament  of  a  single  lamp,  or  any  one  uf  the 
tducting  wires  be  broken,  the  current  through  the  others  will 
■  c  interrupted.  We  have  already  described  (in  the  preceding 
?ter)  a  few  protecting  devices  for  the  lamps  themselves,  hut 
:  capable  of  affording  protection  in  (he  case  of  a  complete 
'i  of  a  lamp  have  been  dealt  mth.  Mr.  A.  A.  Goldston  lias 
•duced  a  simple  but  ingenious  contrivance  for  maintaining, 
T  almost  all  circumstances,  the  continuity  in  a  scries  circuit 
isisting  of  a  number  of  suspended  lamps.  The  device  is 
ptrated  in  fig.  305,  and  is  intended  to  short  circuit  the  sus- 


iding  wires  of  any  lamp  in  the  event  of  one  or  both  of  those 
breaking,  or  if  from  any  other  cause  the  weight  on  either  of 
ires  is  reduced. 

and  B  are  the  two  main  terminals  which  are  attached  to 
brass  pieces  p  g^  which  are  fixed  on  the  insulating  base  a. 
conducting  spirals  m  n  serve  to  connect  the  screws  t  e  la 
ler  pair  of  screws  on  the  contact-making  levers'/^.  These 
s  are  able  to  turn  through  a  small  angle  on  the  pins  ^'  ^  and 
ipported  by  the  spiral  springs/'  ,5-'.  The  wires  by  which  lh( 
is  suspended  are  attached  one  to /and  tlie  other  to  j,  the 
it  of  the  lamp  sufficing  lo  keep  /  and  g  apart  Should  one 
wires,  say  that  attached  to/  break,  the  tension  is  reduced, 
the  corresponding  spring/  is  allowed  to  act,  drawing/into 
position  indicRtcd  by  the  dolled  'uxiis,  ixA.  KxisiS^ifiiss^ 
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circoit  iltrough  Uu  two  ptvuiL-d  levers  diiecL  Hw  <l«vu«  ^ 
ai^licd  to  ojc  lamps,  and  can  be  filled  in  incandc&ci:nt  fl 
huldcrs  &o  as  10  maintain  the  circuit  in  the  c 
tion  at  the  platinum  loops  or  in  any  portion  of  ihc  hoIdeL  ' 
spiral  springs  are  in  the  actual  apparatus  pro%-ided  with  at^nrii 
screws,  by  which  their  tension  can  be  regulated  so  that  wereei 
the  bulb  broken  this  slight  reduction  of  the  weight  would  ill 
the  springs  to  raise  the  levers.  The  arrangement  effecnv 
provides  also  for  the  case  of  a  complete  smash  of  the  lai 
such  as  might  destroy  the  short-circuiting  device  inside 
lamp  itself.  Under  ordinary  circumstances  a  stiort-circiut 
twcvn,  or  a  Iracture  of  either  of,  the  suspending  wires  mi 
initiate  an  arc,  which  would  then  probably  travel  up  the  * 
and  possibly  start  a  fire.  The  device  under  notice  prcH 
the  maintenance  of  such  an  arc,  because  immediately  ^ 
is  fused  and  the  weight  removed  the  two  conductors  * 
outofdrcuiL 

The  apparatus  is  made  in  a  variety  of  forms,  but  an  advant 
pertaining  to  the  one  illustrated  is  that  the  contact  surfaces  be 
vertical  do  not  permit  the  accumulation  of  dust  or  dtrt  1 
potential  difference  available  in  a  series  circuit  is,  boweva,  si 
dent  to  strike  across  even  a  considerable  film  of  imperfectly  0 
ducting  particles.  It  will  be  evident  that  to  make  this  appais 
most  efficient,  it  is  better  to  use  two  separate  instead  of  twis 
conductors. 

In  a  previous  chapter  we  have  described  certain  instnimc 
called  ammeters,  which  are  capable  of  indicatit^  the  numbo 
amperes  of  current  (lowing  through  them  at  any  particular  monw 
but  which  are  unable  to  measure  the  actual  quatitity  of  clccCrji 
passed  through  them  during  any  given  time.  In  just  the  a 
way  a  thermometer  indicates  the  temperature  at  any  mom 
gives  no  idea  of  the  quantity  of  heat  actually  developed  d 
sorbed.  In  the  commercial  distribution  of  electricity  for  1^^ 
or  other  purposes,  it  is  essential  that  a  '  meter '  should  be  provfi 
which  is  capable  of  measuring  and  by  some  means  recording 
quantity  of  electricity  supplied  to  any  one  consumer  during 
*"  »  moittli  OT  x\wet  mo^'ivs.    'XNi&xxcAV'SQjawiSi-i  >if  electridty  is, 
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;  during  one  second  ;  hence  an  instrument  such  as  that 
rtrerred  to  miyht  aptly  lie  called  a  coulomb -meter. 

The  coulomb  is,  however,  too  small  for  electric  lighting  work, 
and  it  has  been  usual  to  employ  as  a  unit  the  cjuantily  of  electricity 
transferred  by  a  current,  one  ampere  in  strength,  during  one  hour, 
ihis  unit  being  known  as  the  'ampere-hour,'  If,  for  example,  a 
secondary  cell  were  allowed  to  maintain  a  current  of  15  amperes 
fur  a^  hours,  the  quantity  of  electricity  obtained  from  the  cell 
during  that  lime  would  be  15  x  2-5=37'5  ampere-hours.  But 
even  this  larger  unit  is  somewhat  small  for  the  measurement  of 
supply  on  an  extensive  scale.  We  have  already  mentioned  the 
kilowatt  as  the  practical  unit  of  power,  sometimes  referred  to  as 
the  Board  of  Trade  unit  of  power.  The  Board  of  Trade  unit, 
properly  so-called,  is  a  commercial  unit  of  electrical  energy,  and  is 
equal  to  that  amount  which  is  developed  or  absorbed  by  a  current 
of  1,000  amperes  at  a  pressure  of  one  volt  during  one  hour.  It 
is  therefore  equal  to  1,000  ampere -volt-hours. 

This  Uoard  of  Trade  unit  is,  then,  the  unit  by  which  the  elec- 
tricity supplied  is  measured  and  charged.  Under  ordinary  cir- 
cumstances some  piece  of  apparatus  is  introduced  to  indicate  the 
number  of  ampere-hours  supplied  to  the  consumer's  lamps,  and 
this  quantity  multiplied  by  the  pressure  in  volts  and  divided  by 
1,000  gives  the  number  of  Board  of  Trade  units  upon  which  the 
charge  is  based.  But  it  is  unfortunately  far  from  easy  to  measure 
a  quantity  of  electricity  satisfactorily  on  a  commercial  scale.  In 
fact  the  instrument  most  urgently  needed  in  the  electrical  world 
at  the  present  moment  is  a  simple,  reliable,  and  compact  quantity 
meter. 

Many  efforts  have  been  made  to  produce  such  an  instrument, 
and  although  some  practical  forms  have  been  brought  into  use, 
much  yet  remains  to  be  done  by  the  usual  process  of  develop- 
ment. 

The  simplest  in  principle,  and  perhaps  also  the  most  interest- 
ing, is  that  devised  by  I'rofessor  l'"orbes.  It  is  based  upon  the 
heating  effect  of  the  current ;  the  instrument  can  therefore  he 
made  without  any  appreciable  self-induction,  and  is  consequently 
ailable  for  use  with  alternating  currents. 

The  apparatus  is  iUnslrated  in  fig.  306.     \\.  tots\^\s.  al  v«t 
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iccniric  co|}pet  rings,  supported  at  a  liitie  disuncc  iIxmAt 

bftse  and  bridged  across  by  a  nunil>cr  of  short  fine  wire*.  1 

currcni   enters  at  one  ring  and  leaves  it  by  lie  olli«i,  p 

through  the  whole  of  the  fine  wires  in   parallel,  the  roi 

offcted  bj  (he  wJies  being  about  7^t,th  of  an  ohm,    The  qi 
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of  heat  developed  in  iI.i-l'  >■.  ii,,    lue.-.n-  nf  estimaiingl 

the  quantity  of  elecmcity  whidi  [ias>L's.  \Vlien  the  wires  becoms 
warm  the  hcai  is  imparted  to  the  adjacent  air,  which  expands  am; 
rises,  so  that  a  continual  upward  currcni  of  air  is  tnainUined  dorini; 
the  whole  lime  that  the  cunent  is  Bowing,  the  strength  of  the  sir- 
current  varj'ing  of  course  with  the  extent  to  which  the  wires  luc 
heate  '.  A  small  pillar  carrying  a  steel  needle  point  risra  ihrougti 
the  centre  of  the  rings,  and  a  thin  pa|>er  cone  with  a  nihy  bearing 
at  its  apex  rests  on  the  needle  point.  The  base  of  the  paprf 
cone  is  attached  to  a  small  horizontal  mica  disc,  from  the  etfec 
of  which  project  eight  arms  made  of  pith,  each  canying  »  my 
thin  mica  vane,  inclined  at  an  angle  of  45°  to  the  horizontal,  u 
placed  directly  o\cr  ihe  fine  cross  wires. 

The  ascending  air  currents  caused  by  the  passage  of  eleclrid^  J 
Striate  aga\ns\,  live  \iwicT  s\ie.  lA  'C&t  -j^svks,,  ani  <;3U£«  tlw»n  and  d  ' 

paper  colic  \.0  lOUvVt  ■,  ^iv:  sMOYv^'a  -ClWi  '3MM-(«.  tA  ^ 


"•">-«re  powerful  are  the  air  currents  and  the  greater  the  number 
^■f"  TevoltilLons  in  a  given  time.  So  that  it  is  only  necessary  to  add 
^*3me  device  for  recording  the  number  of  revolutions  in  order  to 
*^^=sstimatu  the  quantity  of  current  which  has  flowed. 

The  apex  of  the  paper  cone  consists  of  a  smaJl  aluminium 

*^one  (to  wliich  is  attached  the  ruby  bearing  above  referred  to)  and 

">*rhich  also  carries  above  the  apex  a  small  steel  pinion,  gearing 

^nto  a  liain  of  wheels  as  shown  in  the  figure.     The  train  records 

"*he  mimber  of  revolutions  in  the  ordinary  manner;  but  it  will 

B&Bodily  be  apparent  that  since  the  force  which  causes  the  rota- 

^^Bon  is  so  feeble,  the  slightest  friction  would  be  inadmissible,  and 

^^fhe  whole  of  the  moving  parts  must  be  extremely  light  and  deli-_ 

cate.     In  fact,  beautiful  as  the  principle  is,  it  is  to  be  feared  that 

it  would  be   difficult  to  develop  it  into  a  thoroughly  practical 

instrument, 

A  quantity  meter  also  based  upon  an  interesting  principle,  and 
which  in  spile  of  many  difficulties  is  being  brought  into  a  practical 
form,  is  that  of  Mr.  Ferranti.  We  know  that  a  conductor  when 
placed  in  a  certain  position  in  a  magnetic  field  is  urged  to  a  new 
position  in,  or  entirely  out  of,  the  field,  immediately  a  current  is 
[Kissed  through  the  conductor.  If  any  portion  of  the  conductor  is 
movable  independently  of  the  remainder,  we  can  move  that  portion 
only  by  sending  all  or  nearly  all  of  the  current  through  it.  A 
somewhat  striking  case  is  that  of  a  liquid  conductor  such  as  acidu- 
lated water  or  mercury,  for  we  can  keep  the  liquid  continually  in 
motion  by  placing  the  containing  vessel  in  a  powerful  field,  and 
sending  a  current  through  the  liquid.  If  the  lines  of  force  of  the 
field  and  those  emanating  from  that  portion  of  the  liquid  which  is 
carrying  the  current  do  not  happen  to  coincide,  then  that  portion 
will  be  urged  to  a  new  position  just  as  a  copjier  wire  would  be,  its 
place  being  taken  by  more  of  the  liquid,  which  undergoes  a  similar 
treatment. 

In  Mr.  Ferranti's  meter,  which  is  based  upon  this  principle,  the 
liquid  employed  is  the  purest  obtainable  mercury.  This  is  con- 
tained in  a  rather  shallow  circular  vessel,  above  which  is  placed  a 
solenoid  fitted  with  a  hollow  iroLi  core  and  a  sheath,  so  disposed 
as  to  project  a  very  powerful  field  vertically  through  the  mercury, 
Tbn  currtint  is  led  to  the  mercury  at  the  cenUe  ol  'Ccie  ^letfi^ 


leaves  it  M  the  circumleretice,  tbca  [tossing  through  Uu  msgntj 
tug  Boleooid. 

Now  the  liquid  cuoductor  is  ur^ed  to  mow  in  a  diiecttoS 
nght  angtes  to  that  in  which  the  current  is  flowing  ihrougfa  it, 
also  at  ri^ht  ai^es  to  the  lines  of  force  of  the  field.  Tbediied 
of  the  current  is  radial,  and  supposing  the  lines  of  foice  a 
imijecicd  ixxtically  downmud,  the  liquid  will  rotate  in  a  qj 
handed  direction  as  viewed  from  above.  The  force  wiih  liH 
the  [DC10U7  b  utgcd  to  rotate  is  proportional  to  the  strengdl 
the  ciinent  flowing  through  it  and  to  the  strength  of  the  fixed 
This  field  might  be  kept  constant ;  or  by  employing  the 
current  to  exdtc  the  solenoid,  and  never  aUowing  the  iron; 
approach  the  saiiuaiion  point,  the  field  may  be  made 
Ihe  cwntnt,  when  ihc  force  tending  to  produce  rotation  will  H 
pri^nional  to  tiie  square  of  the  current. 

The  mercury  in  rotating  carries  with  it  a  light  delicate  flooi, 
which  b  attached  to  the  lower  end  of  a  light  rod  terminating  al  its 
u|ipcr  extremity  in  a  pinion  which  gears  into  a  wheel  fwming  pan 
of  the  mechanism  employed  lo  indicate  the  number  of  reratatiims 
made  by  the  Boat.  Of  course  the  force  acting  is  very  small,  and 
any  appreciable  friction  would  seriously  affect  the  indication^  bat 
it  appears  probable  that  the  difficulties  will  be  overcome  and  H 
instrument  brought  into  practical  use.  1 

The  meter  which,  up  to  the  present,  has  been  most  e%tensitd 
employed  is  based  upon  the  electrolytic  pro[x:rtics  of  the  cutRH 
and  possesses  the  advantage  that  no  delicate  mechanism  needqj 
employed  in  connection  with  it  ^Vhen  a  current  is  passed  throo^ 
a  solution  containing  a  metal,  such  as  nitrate  of  silver  or  sulphate 
of  copper,  the  solution  ii  decomposed  and  the  metal  which  it  con- 
tained is  deposited  in  the  wire  or  strip  of  metal  by  which  the 
Airrcnt  Icavts  the  'Jquid  Such  a  wire  or  strip  by  which  the  cuneni 
leaves  or  enters  the  liquid  is  called  an  electrode.  Suppose,  ioi 
example,  a  solution  of  nitrate  of  silver  with  sil\-er  electrodes  to  be 
employed,  then  pure  silver  would  be  deposited  from  the  solution 
upon  that  electrode  by  which  the  current  leaves.  Moreover,  in 
exactly  equal  quantity  of  silver  would  be  dissolved  from  the  oihet 
electrode  -,  iVhs  m\'^\.  easC^^  \ic  ^os^A  \)-i  -nev^™^  ^aKftnte 
after  the  passa&erf  a.cvitTev»<.,lc«\\-Ka«i^\K\^«^  •    -  - 


mMn  apOf  be  cdfed  A  conloBity-Bietei. 


been  usual  lo  emfHoj  as  i  anix  tbeqismti^ofdectnc^iy 
.  bf  »  (Ml  It!*,  (Be  anpeie  m  aoength,  during  ooe  hour, 
>eii^  known  a  die  'ampneJioar.'  U,  tot  example,  3 
odl  woe  aBamtd  U>  maintain  a  cnnEBt  of  15  antpcr^.s 
us,  die  fmrnmH/y  at  «JtUiiLkj  oboined  from  tbc  r^:!! 
t  tinie  woold  be  15  x  rs=SJ'S  ampete-honia.  B -c 
\atga  vaA  is  xmacwhat  imall  for  d>c  mrasnmiieiic  i 
an  estensife  scale  We  bxic  alread7  taetaiaaed  cr-.- 
i  die  pacdcal  ttmt  at  powcz,  aorortimr*  refened  to  a.; 
of  Tiade  nmi  of  power.  The  Boaid  of  Trade  Dn^r-, 
HsBed,  if  a  commensl  Bnit  of  ckorical  energy,  and  i^ 
lat  amooot  wfaicb  B  defidopcd  or  absorbed  byacurr'^nt 
■Dperes  at  a  pressofe  at  ooe  roit  during  ooe  hour,  h 
:  equal  to  1,000  ampere-volt-hoon. 
oard  of  Tnde  unit  b,  dicn,  die  nmt  bj  wfaicfa  the  tkr- 
[died  b  measured  and  ebaaged.  Under  ordinary  'ir- 
s  some  piece  of  appaiatas  is  intiodaced  to  indicate  ii>-: 
'  ampere-booB  snp^Aed  to  tbe  CMuamer's  lamps,  an'i 
ity  mnbiplied  by  tbc  pressure  in  rolts  and  divided  \iy 
i  the  nmnber  of  Board  of  Trade  units  upon  which  li.^ 
■ased.  But  it  is  nnfortURalcly  (az  from  easy  to  measur'.- 
of  electricity  latblactorily  oa  a  commercia]  scale.  In 
ttnaaaat  most  urgently  needed  in  the  electrical  worl'i 
iQit  moment  is  a  simple,  reliable,  and  compact  quantu/ 

**rts  hare  been  made  to  pfxlucc  such  an  instrum-  r', 
jb  some  practica]  forms  have  l^een  Iwou^iht  into  1;-, 
i  to  be  dune  tyy  the  itsual  i»r'yjw>  of  devtlo;-- 

principle,  and  [>':rrr,a(rt  als'i  th':  rn'/st  inter'.  '- 

by  rroftvi',r  ImIc.-i.     It  is  Isistd  ij{Kyn  li -^ 

current;   the  in  it  mm  en  t  can  thercf'jrt  '-" 

ciable  self-inducti'^,  and  bconscjucu'  / 

uting  cuncntii. 

ted  in  fig,  306.     It  consists  of  tv'' 


|palns  t 


«  ^M  hrt  m4  afei«  *r  vem  of  dK  k»  add  j 
•  a  wMiK  tf  ^  ^Mitr  «r  CHKM  vlack  fan 


s  idler  ifae  icsistaEices  snSciait 


l^sne  cms  »  ibe  jcsak. 
iwfarfT  die  MsBCuoe  of  the  Htpiid,  bat  incnxscs  dm 
fri— of  tfaeiiMmcopdnctor  wfaicfa  is  tfaunud  b;  the  <dl 
ge  cftcn  tcndiD  ontse  an  ttKiease  in  ihe  propnxion 
■  taming  throng  ibe  laewr,  and  such  vanatkuu  ffliia 


e  may  £ill  tow  enoi^  to  frccu  ti 

c  anj  enenial  cause  which  cools  the  liijuid  0 

"c  eDodoctor,  or  both,  mokes  the  meier  tcgisUl 

X  ibsn  ^  dOadA  4ni,cai«.inaA.ViicUik^en.  ta  so  ^loce  ibex  pU9 


ms  the  terminals  of  a  meter  should  never  be  exposed,  r 
IT  facilities  given  for  short-cireuiting  the  apparatus. 
■TTie  prictical  form  of  the  Edison  meter,  as  fitted  for  use  i 
tjale  circuit,  and  in  which  these  difficulties  are  o\erconie,  is  I 
in  fig    307      At  tht  bottom  of  the  < 
mt    lamp     which    is 
matically  thrown  into 
lutwhene^er  the  tern 
iature    approaches    the 
nng    point     and    so 
5)s  the    "iotulion   Iron 
\bo%e  the  lamp 
I  placed    a   stout   zigi^g 
of    German    siher 
ich  IS  jomed  up  m  the 
t     It  offers  but 
;  resistance,  and  since   ' 
I  temperature  coefficient 
f  small,    this    rtsistance 
nes  hut  slightly  through 
dinar}  changes      Above 
stnp    two    cells   ire 
iced,    each     conUimng    [ 
1  zmc  plates  immersed 
p  a  sulphate  of  zinc  solu 
The    zinr    is    de 
sailed     at     a     definitely 

pBter  rate  in  one  cell  than  in  the  other  nnd  an  additional  clieck 
lamed  by  comparison  of  the  two  cells  Ihc  difference  m  the 
e  of  deposition  is  effected  bj  causing  one  cell  to  bridge  a  hrgcr 
of  the  German  silver  strip  than  the  other;  the  dividing 
miinal  is  seen  in  the  figure  at  the  end  of  the  second  bend  from 
e  right.  The  most  important  of  the  possible  sources  of  error  is 
^hat  due  to  the  temperature  variation  of  the  resistance  of  the 
liquid.  This  is  compensated  for  and  the  resistance  of  the  cell 
circuit  kept  constant  in  a  very  simple  manner.  When  the  tempe- 
rature rises  the  resistance  of  the  liquid  dctrcasts,  but  the  resistance 
of  a  melai  (copper  for  instance)  increase.      K  ^.^^xA  cS.  t'a'j'^ 


Eltarieai  Enghutrh^ 

t  TfmtA  a  mies  vitfi  eacfa  cell,  of  such  a  redstance  di 
I  pi^  nr  m  tenpnatitFe  the  resistanct:  of  the  spiral  d 
■  faf  jiM  w  Bock  as  the  resistance  of  the  liquid  is 
:  «^ak  se  placed  behind  the  cells  and  are  not  ^iiiblcy 


a  Ae  ^^Ab  aieten  (and  latterlf  in  laxger  ones)  onljr  on 

■a  e^iajvd,  Ac  resbtaoce  of  the  Gennan  sfl^-er  sinp  bdef  J 

CarxiejalBL 

rW  acta  is  [texd  ia  the  circuit  of  one  of  the  nuins  feet 

lyw^  of  ha^  in  vhidi  die  dectricily  consumed  is  leqi 

CB^Hand. 

FigrHidklioasn)  dbc  tfarc«-wve  system  two  separate  Gennn 

rsD^vidiscdlarapair  of  cells  to  each  are  provided,  one 


of  tfae  icsistaaoe  of  the  GemuD  silver  slt^ 
ot  sufficient  to  introduce  vx\ 
As  a  ndc  its  resistance  b  ^^  that  of  the  cells  an;! 
n^  90  dial  dte  ccfl  measures  y^^^  of  the  toul 
mam  ciicnit     The  pLues  are  weighed 


d  of  thnmne  die  faeating  lamp  in  circuit  when  the 
t  ^It  MO  }am  is  simple  and  tngenious.  One  tennirul 
of  Ae  laBi|i  b  coonected  to  one  of  ibc  mains,  and  its  other  to  i 
snal  c«MWart  stad  pbced  fast  above  the  holder.  Above  this  stud^ 
is  aiiulm  oantan.  carried  at  the  aid  of  a  kxig  strait  compc 
metal  sti^  wUch  is  fixed  at  the  other  end  (to  the  left  in  ll 
figoe)  and  coonected  to  the  other  main.  Tbe  strip  b  fan 
of  tvo  metids,  irindi  expand  or  contract  unequally  when  t 
teoipeiatiiie  b  mied.  Under  ordinary  circumstances  tbe  tvfti 
fmflr^  tfnds  are  kept  aiort;  but  when  tbe  temperature  {~ 
the  compoond  strip  bends  or  cwls  downward,  and  the  adja 
ment  is  sndt  thai  contact  is  made  and  the  lamp  throvn  in  d 
when  die  tenqnnture  ^ipniaclies  within  two  or  three  deuces  Jj 
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